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ABSTRACT 
An astonishing 60% of fatal road crashes in Australia occur on rural roads (Austroads 2006). 
This percentage is highly disproportiante considering the population distribution of urban to 
rural areas. Measures are needed to reduce the incidences of high severity crashes on rural 
roads. 
The Wide Centreline Treatment (WCLT) is one type of road safety treatment aimed at 
reducing the incidences of severe head-on and run-off-road type accidents on rural roads. The 
intrinsic benefit of the WCLT is in combining the elements of separating opposing traffic 
streams and audio tactile awareness.  
In 2011 DTMR implemented the WCLT on a section of the Bruce Highway in south east 
Queensland that had high frequency incidences of fatal head-on crashes. In 2012 research was 
conducted to determine the effectiveness of this treatment. The limited amount of post-WCLT 
crash data available yielded preliminary crash reduction percentages of approximately 60% 
(Whittaker 2012).  
Literature surrounding before and after studies suggests using multiple years of crash data to 
provide greater accuracy in treatment effectiveness calculations. This justifies the need to 
conduct a follow up analysis on the Bruce Highway WCLT to extend on the existing 
knowledge produced by the initial research. 
A before and after study using the Empirical Bayes method was used to conduct this follow 
up study analysis, different roads have also been analysed as part of this research. This method 
provides improved accuracy over simpler methods, correctly accounting for changes in traffic 
volume and removing the regression to the mean bias.  
This research quantifies the WCLT treatment effectiveness by using an analytical study. Using 
additional years of crash data in this analysis has shown that the WCLT offers reduced crash 
reduction percentages of around 25%, the results are discussed thoroughly in chapter 5. 
These results further build on the existing knowledge of the WCLT, its effectiveness of 
reducing high severity accidents and the role these types of treatments may play in the future 
of road safety. 
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NOMENCLATURE AND ACRONYMS  
 
The following abbreviations have been used throughout the text:- 
 
AADT  Annual Average Daily Traffic 
ATLM  Audio Tactile Line Marking 
CBD  Central Business District 
CMF  Crash Modification Factor 
CRF  Crash Reduction Factor 
DTEI  Department for Transport, Energy and Infrastructure 
DTMR  Department of Transport and Main Roads 
HO  Head-on 
MUTCD Manual of Uniform and Traffic Control Devices 
RORL  Run off road left 
RRPM  Raised Retro-reflective Pavement Markers 
TC sign Traffic Control sign 
USQ  University of Southern Queensland 
WCLT  Wide Centreline Treatment 
 
  
The Effectiveness of the Wide Centreline Treatment  
  
 
xii 
 
LIST OF FIGURES 
Figure 1.1: Cumulative daily road toll for years 2011 to 2016 ................................................ 2 
Figure 1.2: Fatal crashes for Australia and New Zealand, 1993 to 2003 ................................. 4 
Figure 2.1: A double one-way barrier line on a rural road ....................................................... 7 
Figure 2.2: Queensland barrier line configuration ................................................................... 8 
Figure 2.3: WCLT on the Bruce Highway ............................................................................... 9 
Figure 2.4: TC sign 1978_3 overtaking not permitted ........................................................... 10 
Figure 2.5: TC sign 1979_1 overtaking not permitted ........................................................... 11 
Figure 2.6: TC sign 1979_2 overtaking not permitted ........................................................... 11 
Figure 2.7: TC sign 1979_3 overtaking permitted when safe ................................................ 12 
Figure 2.8: TC sign 19789_4 overtaking permitted when safe .............................................. 12 
Figure 2.9: Fatality risk of head-on and side impact crashes as speed increases ................... 14 
Figure 2.10: Power model showing injuries related to median speed .................................... 16 
Figure 2.11: Wide Centre Line transitions over narrow structures ........................................ 17 
Figure 2.12: Wide centreline transition at beginning of overtaking or climbing lanes .......... 18 
Figure 2.13: Wide centreline transition at end of overtaking or climbing lanes .................... 18 
Figure 2.14: Milled in rumble strips ....................................................................................... 19 
Figure 2.15: Close view of audio tactile line marking ........................................................... 20 
Figure 2.16: ATLM edge line................................................................................................. 20 
Figure 2.17: ATLM double barrier line .................................................................................. 21 
Figure 2.18: Intersection crash analysis ................................................................................. 25 
Figure 2.19: Yoked comparison linking a treatment group to only one comparison group. .. 27 
Figure 2.20: Comparison group linking a treatment group to the comparison group ............ 28 
Figure 4.1: Bruce Highway treatment sites ............................................................................ 42 
Figure 4.2: Bruce Highway (10A) WCLT ............................................................................. 44 
Figure 4.3: Bruce Highway (10B) WCLT .............................................................................. 45 
Figure 4.4: Sunshine Motorway treatment sites ..................................................................... 46 
Figure 4.5 Sunshine Motorway (150A) WCLT ..................................................................... 47 
Figure 4.6: Sunshine Motorway (150B) WCLT..................................................................... 48 
Figure 4.7: D’Aguilar Highway WCLT sites ......................................................................... 49 
Figure 4.8: Glass House Mountains Road WCLT sites ......................................................... 49 
Figure 4.9: D’Aguilar Highway (40A) ................................................................................... 51 
Figure 4.10: Glass House Mountains Road (40A) ................................................................. 51 
Figure 4.11: Control sites locality plan .................................................................................. 54 
Figure 4.12: Bruce Highway DVR image from May 2008 .................................................... 55 
Figure 4.13: Bruce Highway DVR image from April 2009 ................................................... 56 
The Effectiveness of the Wide Centreline Treatment 
  
xiii 
 
Figure 4.14: Bruce Highway DVR image from May 2012 .................................................... 56 
Figure 4.15: MATLAB code for dissecting crash data .......................................................... 58 
Figure 5.1: Comparison of the results from the original 2012 research and corrected results65 
Figure 5.2: Comparison of various 2012 data results ............................................................ 66 
Figure 5.3: Summary of WCLT crash reduction percentages, including additional crash data.
 ............................................................................................................................................... 70 
Figure 5.4: Summary of WCLT crash reduction percentages, including additional crash data.
 ............................................................................................................................................... 71 
 
  
The Effectiveness of the Wide Centreline Treatment  
  
 
xiv 
 
LIST OF TABLES 
Table 2.1: Speed reductions after implementing a WCLT ..................................................... 14 
Table 2.2: Urban fatalities by nature of crash per 100,000 people ......................................... 15 
Table 2.3: Urban fatalities by nature of crash per 100,000 people ......................................... 15 
Table 2.4 Summary of CRF’s and CMF’s for raised profile centrelines, various sources ..... 21 
Table 2.5: Crash frequency regressing to the mean ............................................................... 24 
Table 2.6: Crash codes for target crash types ......................................................................... 30 
Table 2.7: Definitions for Coding Accidents (DCA) ............................................................. 31 
Table 2.8: Crash Cost Values for a Rural Road ..................................................................... 32 
Table 3.1: Summary of control groups for Whittaker 2012 study.......................................... 37 
Table 4.1: WCLT treatments in south east Queensland ......................................................... 40 
Table 4.2: Comparison of Bruce Highway Road Segments for 2012 and 2016 research ...... 43 
Table 4.3: Bruce Highway adopted before and after periods ................................................. 44 
Table 4.4: Sunshine Motorway Segments for 2016 research ................................................. 47 
Table 4.5: Sunshine Motorway adopted before and after periods .......................................... 47 
Table 4.6: Sunshine Motorway Segments for 2016 research ................................................. 50 
Table 4.7: Empirical Bayes control sites ................................................................................ 52 
Table 4.8: Bruce Highway 2008 control site segments .......................................................... 53 
Table 4.9: CMF for speed reduction ...................................................................................... 60 
Table 4.10: SPF estimate for treatment site in the before period ........................................... 61 
Table 4.11: SPF estimate for treatment site in the after period .............................................. 62 
Table 4.12: Summing actual and predicted accidents ............................................................ 62 
Table 4.13: Weighted average and weighting factors ............................................................ 63 
Table 4.14: Factors for variance between after and before period ......................................... 63 
Table 4.15: Estimated number of crashes in the after period ................................................. 63 
Table 4.16: WCLT effectiveness ............................................................................................ 63 
Table 5.1: Crash reduction percentage for 2012 research, amended VAR(B) ........................ 64 
Table 5.2: Crash reduction percentage using 2012 data, 2016 methodology ......................... 66 
Table 5.3: Comparison of after treatment crashes, Original Vs Matlab ................................. 68 
Table 5.4: Crash reduction percentage of Bruce Highway with additional crash data ........... 69 
Table 5.5: Summary of difference between original 2012 research results and 2016 results with 
additional crash data. .............................................................................................................. 69 
Table 5.6: Crash reduction percentage including additional crash data and all severities ..... 71 
Table 5.7: Crash reduction of Roads 150A and 150B ............................................................ 72 
Table 5.8: D’Aguilar Highway crash occurrence summary ................................................... 73 
Table 5.9: D’Aguilar Highway crash occurrence summary ................................................... 74 
The Effectiveness of the Wide Centreline Treatment 
  
1 
 
CHAPTER 1 – INTRODUCTION 
 
1.1 Background 
In the 21st Century popular modes of transport include bicycles, cars, buses, trucks, trains and 
aeroplanes. Typically we use these modes of transport for our day to day activities, one 
example is commuting in a car getting to and from work.  
Getting from our origin to our destination is generally something we want to do as quickly and 
efficiently. Safely getting to our destination now involves travelling on congested highways, 
weaving through grid locked CBD’s or travelling long distances commuting between rural 
areas. A vehicle census 2015 reported a total of 18 million vehicles on Australian roads in 
2015, an annual average growth of 2.4% from 2010 to 2015 (Australian Bureau of Statistics 
2015).  
Our safety on the road network over time has been increasingly more susceptible to shortfalls 
in the road network caused from an increasing population of vehicles using the road. An 
increasing demand on the road network highlights the need for safety improvements, when 
there are large numbers of road users there is increased risk of collision with hazards as well 
as an increasing demand to travel further and faster. 
Reducing fatalities on roads is a recognised national and state priority to transport bodies. The 
need for road safety improvements is recognised by Queensland’s road authority DTMR, 
through its road safety action plans. Initiatives such as the Black Spot Programme, Safer Roads 
Sooner and Safety Mass Action are part of state wide action plans to target areas of the road 
network with high a potential to reduce fatalities. The Safety Mass Action program is specific 
to providing widespread low cost treatments to improve safety, such as the WCLT and 
removing roadside hazards. (DTMR 2016) 
The Queensland Government also runs campaigns such ‘Join the Drive to Save Lives’ in 
efforts to raise awareness of road safety to reduce the loss of life on Queensland roads. Western 
Australia has a similar strategy, ‘The Road Towards Zero’ (Engineers Australia 2015). A road 
fatalities crash report shows a total of 83 fatalities so far on Queensland roads for 2016. Figure 
1.1 below shows this cumulative road toll in Queensland as well as the years 2011 to 2015. 
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Figure 1.1: Cumulative daily road toll for years 2011 to 2016 
Source: DTMR 2016 
 
Australia’s road network has a unique constraint compared to many other countries. The large 
land area makes it a challenge to implement an effective road system. The Safe System 
approach to road safety is the system adopted in Australia and New Zealand. The aim of this 
approach is to protect obedient road users from death and serious injury, meaning crashes are 
avoided or crash severities are minimised (Austroads, 2013 and Austroads, 2009). The intent 
of this system is to create a safe system through compliance with road rules, licensing to allow 
only qualified drivers on the road as well as information, education and enforcement to 
minimise risk (Austroads 2006). Austroads Guide to Road Safety Part 1 (Austroads 2013) 
discusses the Safe System approach in a greater depth. Implementing this road system doesn’t 
necessarily provide a safe road network, however provides the framework for road safety.  
Safety is a concern for everyone on the road network. We all want to get to where we want to 
go as quick as possible. Road authorities have a duty of care to road users that they must do 
everything within their power to be aware of road deficiencies in the road system, prioritise 
these deficiencies and remedy them (Austroads 2006).  
Road improvement demand is typically driven by population. The greater the volume of cars 
the greater the need for safety mitigation, furthermore the more likely a compromise of design 
standards will result in an accident. Australia being such a large continent makes it is difficult 
to provide a satisfactory road network, this requires spreading a finite budget across such a 
large area. The Queensland road network is the largest of any state in Australia at 33,343 km 
(DTMR 2016). The majority of Queensland’s population is in the south east corner. In 2013 
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an estimated 3.3 million people resided in the south-east corner of Queensland, compared to a 
total population of approximately 4.7 million (Queensland Treasury 2015). Due to 
Queensland’s population majority in the south east corner and on the east coast, rural roads 
are often overlooked for significant improvement. 
Significant improvement for rural roads can be difficult for road authorities to justify, this 
could be attributed to the lack of demand and transport costs of construction materials to 
remote locations. Therefore it is typical for rural roads to be designed to a lesser standard due 
to financial, constructability and maintenance constraints. Rural roads generally link small 
towns 100s of kilometres apart or urbanised areas. 
Each year approximately 1.2 million people are killed internationally in road crashes (World 
Health Organization 2004). In Australia and New Zealand 2000 people are killed each year 
resulting in an estimated 20 billion dollar economic cost (Austroads 2009). Austroads (2006) 
stated 60% of fatal road crashes in Australia occur on rural roads. In Australia for the period 
from 1999 to 2003 had approximately 893 fatal crashes per year. 
The cause of these high rural crash rates was caused from inattention from the road authorities. 
Over the past decades there was little attention given to improving the safety in rural and 
remote areas, up until around mid-1990. It wasn’t until 1996 that a rural and remote action 
plan was developed to recognise and address the inadequacy of the nation’s rural roads 
(Austroads 2006). Figure 1.2 below shows the number of fatal crashes that occurred on 
Australian and New Zealand urban and rural roads for the periods 1993 to 2003. 
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Figure 1.2: Fatal crashes for Australia and New Zealand, 1993 to 2003 
Source: Austroads 2006 
 
Figure 1.2 shows that rural crash fatalities are over represented compared to urban 
environments. Additionally this shows a small steady decline of Australian rural road 
accidents towards 2003. 
Similar to monitoring the effectiveness of a road safety strategy, it is important to monitor the 
continued effectiveness of road safety treatments. The post-implementation monitoring of 
positive or negative effects provides improved accuracy of the treatments effectiveness. One 
particular element is the need to assess over a long time period. Assessing over a long time 
period, for example 3 years (Austroads 2009) provides a more realistic picture of the treatment 
effectiveness and any other performance measures.  
A median treatment is an effective way to separate oncoming traffic streams. The intrinsic 
benefit of a WCLT treatment is in combining the elements of separating opposing traffic 
streams and adding in audible and tactile markers. Combining this style of treatment with 
segments of road conducive to cross over the centreline type crashes has a history of proven 
reduction in accidents. Austroads (2010) investigated head-on crashes on rural roads and found 
major factors such as poor sight distance, partially sealed shoulders, inappropriate speed limits, 
poor delineation and insufficient/ineffective RRPM’s are contributors to severe head-on 
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crashes. Austroads (2009) provides a range of treatments countermeasures to combat differing 
crash types. One of these is a median treatment, reducing head-on crashes by an expected 90%. 
The WCLT investigated in this research combines a narrow median and ATLMs to alert a 
vehicle that happens to veer over the centreline. In cases where drivers are fatigued or have 
fallen asleep at the wheel, the audible and tactile warning may alert the driver in time before 
crossing into oncoming traffic. Anund (2005) conducted a study to determine a fatigued 
drivers’ behaviour when they drift out of the traffic lane with audio-tactile line marking, whilst 
inconclusive this study found positive results for drivers taking longer to fall back to sleep. In 
a separate study it was found that on average there is a 22% reduction of single vehicle run-
off road accidents when ATLM’s are used on the edge line (Hatfield 2009).  
In the limited available literature concerning WCLT with audible tactile marking, it appears 
the treatment is effective at reducing run-off-road and cross over the centreline type crashes. 
Whittaker (2012) calculated a reduction of 75% for head-on and 59% for run-off-road-left and 
total crashes at treatment sites on the Bruce Highway in Queensland with limited post-WCLT 
crash data. 
 
1.2 Problem Statement 
The background section above reveals the importance of road safety, the over representation 
of fatalities on rural roads and the use of a WCLT treatment as a method to reduce these types 
of accidents. This justifies the need to assess the effectiveness of a road safety treatment after 
being installed. In cases where there is not a significant amounts of crash data available like 
the 2012 research, it is important the treatment is reviewed to ensure continued effectiveness 
(Austroads 2009). These types of treatments are valuable and produce positive outcomes from 
a safety and economic perspective. 
The aim of this project is to investigate multiple treatment sites, primarily looking at the 
continued effectiveness of the WCLT implemented by DTMR on the Bruce Highway near 
Gympie, Queensland. These investigations will specifically look at run off road, cross over the 
centreline and total crashes; this will be done by splitting the crash types into HO, RORL, 
OTHER and TOTAL to create four separate crash types.  
The WCLT treatment has now been implemented on many sections of the Queensland road 
network as a result of previous research into the safety benefits. An alternative treatment that 
allows overtaking has also now been implemented; this research also intends to investigate the 
effectiveness of this treatment. 
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It is expected the results of this research will further build on the existing knowledge of 
WCLTs. The final aim of this research is to develop CMF’s from the results obtained in this 
research that can be used within the industry. 
 
1.3 Project Objectives 
The key objectives of this research project are to: 
1. Research current world practices of WCLT treatments, factors associated with crashes 
on rural roads, different crash types and methods to analyse crash data. This will be 
discussed in the form of a literature review. 
2. Determine where this research will fit in with existing research and how this can build 
on existing knowledge. 
3. Obtain road and crash data. Data will be obtained from DTMR crash databases.  
4. Analyse the Bruce Highway treatment site using the method proposed as a result of 
the literature review. Also analyse the impact of including minor crash severity types. 
5. Analyse the Sunshine Motorway, D’Aguilar Highway and Glass House Mountains 
Road treatment sites. The D’Aguilar Highway and Glass House Mountains Road are 
implemented with sections of overtaking treatment. 
6. Evaluate the results and discuss the different treatment sites, crash types and severities. 
Develop CMF’s for the different crash types for future use in cost benefit analyses. 
7. Provide a report with the results and recommendations suitable for a peer review from 
relevant industry experts. 
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CHAPTER 2 – LITERATURE REVIEW 
 
2.1 Introduction 
This chapter thoroughly explores the previous research and literature surrounding WCLTs, 
audio tactile line marking, road safety and the methods used to conduct a before and after 
study. In doing so the literature review will be looking at theories, methodologies, qualitative 
and quantitative research to relate the research to the project objectives. 
 
2.2 Centreline Marking 
One of the most recognisable forms of delineation on a road is provided through line marking. 
Typical centreline marking such as dividing lines featuring a single broken line provides visual 
guidance to a driver. This visual aid inherently decreases the risk of two vehicles colliding in 
a head-on collision by providing lane discipline. Similarly it decreases the risk of a vehicle 
leaving the road in a run-off-road-left situation (Austroads 2016). 
 
Figure 2.1: A double one-way barrier line on a rural road 
Source: Austroads 2016 
 
Figure 2.1 shows at typical installation of centreline marking featuring a one direction barrier 
line. Fundamentally the use of a centreline treatment is to provide lane discipline when road 
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and environmental factors are deemed unforgiving. For example if there is a high traffic 
volume or tight horizontal curves conducive to motorists overshooting the middle of the road 
without lane guidance. 
The traffic stream separation provided with such a treatment is generally around 200 to 300mm 
accounting for the line and separation width, as can be seen in figure 2.2 below. The total 
width of a double barrier lane cofiguration adopted in Queenland is 240mm. 
 
Figure 2.2: Queensland barrier line configuration 
Source: DTMR 2015 
 
Typical centreline markings are effective at delineating the road, however does not provide 
any traffic separation for a margin of error should a vehicle begin to veer over the centreline 
towards oncoming traffic. 
 
2.3 WCLT 
Providing a barrier line treatment with additional width separating the line marking is one 
approach to providing additional vehicle separation. This type of approach is a newer treatment 
methodology in road safety and is often referred to as a wide centreline treatment (WCLT) 
(Austroads 2016). Queensland’s road authority DTMR now have a WCLT listed as an 
approved retrofit treatment (DTMR 2015). 
A WCLT or continuous narrow painted median is aimed at reducing head-on (HO) and cross-
over-the-centreline crashes. The reduction in frequency and severity is attributed to separating 
oncoming vehicles creating a wider buffer zone which allows the recovery of a vehicle before 
impacting another (Whittaker 2012). Drivers are alerted of crossing into the median by the 
noise and vibration of audio-tactile line marking.  
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2.3.1 DTMR’s Wide Centreline Treatment 
The WCLT is retrofitted, minimising lane widths by 0.5m to create a 1m median separation 
between oncoming traffic streams. Audio tactile line marking can be used on the inside of the 
median and the outside of each edge line to induce a noise and vibration in the car. This warns 
motorists that they are either veering into the median closer to oncoming traffic or veering left 
off the edge of carriageway. Raised retro-reflective pavement markers (RRPMs) are utilised 
to give visual guidance in low light scenarios. The typical application of raised pavement 
markers are to amplify visual properties of the pavement markings (DTMR 2015). Technical 
Note 155, wide centreline interim advice (DTMR 2015) states that a WCLT on a 10m or 10.5m 
formation (3.5m lanes with 1.5-1.75m shoulders) is a viable alternative treatment. Figure 2.4 
below shows the approved wide centre line treatment for implementation on Queensland 
roads.  
Looking at the WCLT shown in figure 2.4 it can be seen that the median is outlined using two 
100mm lane lines. There are RRPMs positioned 24m apart in the centre with ATLMs 
positioned on the inside and outside edge lines depending on the lane width.  
Figure 2.3 shows the treatment installed on the Bruce Highway in 2011. Since then there have 
been changes to the configuration. Figure 2.3 shows chevrons at 72m spacing’s, these are 
omitted and the RRPMs are arranged in a different configuration. 
 
 
Figure 2.3: WCLT on the Bruce Highway 
Source: Whittaker 2012 
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Figure 2.4: TC sign 1978_3 overtaking not permitted 
Source: DTMR 2016 
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The WCLT treatment that has been more recently implemented allows overtaking when two 
of the particular treatments are used. There has not been any targeted research towards the 
effectiveness of these treatments or how these impact driver behaviour. The overtaking 
treatments are summarised using the DTMR TC signs in figures 2.5, 2.6, 2.7 and 2.8 below. 
 
Figure 2.5: TC sign 1979_1 overtaking not permitted 
Source: DTMR 2016 
 
 
Figure 2.6: TC sign 1979_2 overtaking not permitted 
Source: DTMR 2016 
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Figure 2.7: TC sign 1979_3 overtaking permitted when safe 
Source: DTMR 2016 
 
 
Figure 2.8: TC sign 19789_4 overtaking permitted when safe 
Source: DTMR 2016 
 
2.3.2 Crash Reduction 
WCLTs have been found to be effective at reducing accident frequency. Levett, Job & Trang 
(2009) investigated centreline treatments to reduce crossover type crashes. These medians 
utilised a wire rope safety barrier, however results showed a reduction in target crashes of 60% 
with the installation of a 1m median. This study also stated that fatigue, speed and distraction 
crash causes may be reduced when implementing this treatment. To maximise the safety effect 
of the median treatment audio tactile line marking’s (ATLM’s) should be implemented.  
Connell D et al. (2011) undertook a study to evaluate wide centreline configuration on the 
Newell Highway in New South Whales. This study looked at two location, Parkes and West 
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Wyalong both around 5km in length. The treatment installed was a 1.2m WCLT with an 
800mm gap between a line of 100mm audio-tactiles abutting a 100mm solid line either side. 
This treatment width was chosen because it suited the current pavement and seal configuration, 
was capable of being retrofitted with a wire rope barrier and allowed for a tire width to fit 
inbetween the audio-tactiles. This was an overtaking permitted which allowed vehicles to 
overtake. This linemarking layout used 6m lines wih a 6m gap to give a break in the line 
marking, which was different to the usual 3m line and 9m break configuration typically 
installed. Mainly driver behaviour was examined, looking at the positioning of the car and 
speed.  
The results of this study conclude that the WCLT implemented had a positive effect on driver 
behaviour, reducing the proportion of vehicles that veered out of the traffic lane increasing 
lane discipline and decreased vehicle speeds. One problem that was raised was the 6m line and 
breaks delineating an overtaking section looked like a solid lane from a distance. This 
perception issue and line configuration was something to be reconsidered in the future. One 
study found head-on crashes on rural roads to be significantly correlated to narrow lane widths 
and a wet roadway surface (Deng, Ivan & Garder 2006). 
In 2010 the Roads and Maritime Services of New South Wales looked into implementing low 
cost safety improvements on a section of the Pacific Highway (North of Nambucca Heads to 
Southern Urunga). The intent of the safety improvements was to reduce the number of 
accidents occurring. The remedial study undertaken revealed forty short term safety measures, 
one of which was to install a wire rope safety barrier in an existing wide painted median 
(Connell 2013). Although this treatment utilised a wire rope barrier, the results show that a 
year after implementation no fatal accidents were recorded and only one injury crash. The 
previous five years of data that had three fatal, 4 injury crashes and 16 non-injury crashes. The 
result of this report shows that implementing a centre median treatment can reduce the number 
of accidents, however it is unknown what the additional treatment effect of the wire rope 
barrier was. 
 
2.3.3 Effect on Speed and Crash Severity 
A study by Sagberg (2006) found a 1m wide median reduced average speed by 2.7km/hr. 
Speed reduction of this nature may be contributed to the visual stimuli of the median ahead 
prompting the driver that there is a reason for the additional lane separation. 
A speed survey by Connell D (2011) revealed similar results, reducing vehicle speed post 
treatment implementation with an exception of heavy vehicles at the Parkes sight. Table 2.1 
below shows the break down of vehicle types and speeds reductions. 
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Table 2.1: Speed reductions after implementing a WCLT 
Source: Connell 2011 
 
Howard (2010) states that speed is a critical aspect of a safe road system. Rural roads generally 
are high speed due to there geographical location. Many rural roads are 2 lane 2 way and link 
major towns that can be hundreds of kilometres apart. These types of roads are conducive to 
fatigue related crashes and can have a relative risk of up to 13.5 times higher than urban areas 
(CARRS 2011).  
There is a lot of evidence to suggest an increase in speed increasess the risk of fatality, but 
also the severity of likely accidents. Originally derived from Wramberg (2005), figure 2.9 
below shows how the fatality risk may increase as collision speeds increases. 
 
Figure 2.9: Fatality risk of head-on and side impact crashes as speed increases 
Source: Howard 2010 
 
Fatality risk is described to dramaticaly increase as collision speeds begin to approach over 
70km/hr. Given that many of Queenslands rural roads are high speed it is easy to understand 
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why its cruicial to take steps to minimise crashes on rural roads. Table 2.2 and 2.3 below show 
fatalities per 100,000 people for urban and rural roads respectively. It is observed that rural 
fatalities significantly out number urban fatalities. 
 
Table 2.2: Urban fatalities by nature of crash per 100,000 people 
Source: Lee 2005 
 
 
Table 2.3: Urban fatalities by nature of crash per 100,000 people 
Source: Lee 2005 
 
Nilsson (2004) determined the relationship of the relative change in injuries compared to the 
change in median speed. Using the power model, a small change in median speed of 5% 
increases fatalities by a factor of approximately 1.2 and close to 1.5 for a 10% increase in 
speed. Figure 2.10 below shows this power model relationship. 
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Figure 2.10: Power model showing injuries related to median speed 
Source: Nilsson 2004 
 
Henderson (1995) similarly stated that not only does an increase in speed make a crash more 
likely, but also increase its severity. A study by Kloeden (1999) looked at the constribution of 
roadside hazards to fatal and sever crash types. A conclusion of this work was that reducing 
travelling speed would most likely be a mechanism to reduce crash frequency of roadside 
hazard crashes. Kloeden (1997) also stated that in Australia excessive speed contributes to 
approximately 20% of fatal crashes and 25% of rural crashes.  
The literature above certainly suggests that speed plays a major role in accident severity as 
well as being a major contributing factor to rural accidents. 
 
2.3.4 Lane Positioning 
Lane discipline is an important factor when considering the effect of a treatment. Sagberg 
(2006) found there to be a lateral shift of 30 – 35cm between the vehicles right hand side mirror 
and the centre of the road with a 1m median. Burdett (2011) similarly investigated the change 
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in lateral positioning of vehicles with the installation of a 1m median. These findings showed 
a shift from 1.2m to 1.5m post implementation. 
Connell D (2011) found there to be a significant reduction in the number of vehicles crossing 
over the edge line or the centreline. The reudction ranged from 5-8% reduction for cross over 
edge line and 0-1.5% reduction for cross over the centreline. The reduced percentage of vehicle 
lacking lane discipline ranged between 0-0.5%, this is a very small pcentage and a significant 
reduction particularly in cross over edge line manouvres. This study found that vehicles are 
considerably more likely to stay within their lane with a 1.2m median, a total reduction of 84% 
in cross over line vehicles. 
The four sites analysed by Burdett (2011) were on straight road segments, further analysis 
recommended was analysing the lateral position on curves and how this is effected by 
implementing a median treatment. 
 
2.3.5 Transitions 
Narrow roadside structures such as bridges and culverts are prevalent on rural roads. These 
types of structures when in close proximity can increase the severity of crashes (DTMR 2015). 
When considering the wide centre line treatment it is important to conserve lane and shoulder 
width as well as maintaining clearance to road side hazards. When using a wide centre line 
treatment, this is done by narrowing the median whilst retaining the lane and shoulder width. 
A lateral shift of 0.6m/s should be used to maintain a comfortable shift in the traffic lane. The 
lateral shift should be finished before the structure to minimise lateral shift occurring over the 
structure. Where there are succussive narrow structures the wide centre line treatment should 
not be marked to give a visually receptive section utilising traditional line marking. Figure 
2.11 below shows the transition of the wide centre line over two narrow bridges. This type of 
transition has been implemented on the D’Aguilar Highway between Kilcoy and Beerwah. 
 
Figure 2.11: Wide Centre Line transitions over narrow structures 
Source: DTMR 2015 
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2.3.6 Overtaking and Climbing Lanes 
Technical Note 155 (DTMR 2015) provides guidance on the use of the wide centre line 
treatment with an auxiliary lane. An overtaking treatment can be used when there is an 
overtaking lane or climbing lane. In these situations it is advised that a minimum length of 
2km be installed. Specific justification is not provided, however when introducing a change to 
the road environment it is important to provide continuity and consistency. A quickly changing 
road environment may cause confusion. Figure 2.12 and 2.13 below show the transition to an 
auxiliary lane. 
 
Figure 2.12: Wide centreline transition at beginning of overtaking or climbing lanes 
Source: DTMR 2015 
 
 
Figure 2.13: Wide centreline transition at end of overtaking or climbing lanes 
Source: DTMR 2015 
 
The merge and diverge lengths are as per the MUTCD. The wide centreline is to extend 
between 36m to 96m depending on the speed zone. (DTMR 2015) 
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2.4 ATLM's 
ATLM’s (also known as audible lines, audio-tactile or rumble strips) (Austroads 2016) are a 
warning device to actively warn fatigued motorists. A motorists is warned by auditory and 
vibrations that they are about to leave there traffic lane, this type of treatment is also effective 
in low visibility situations such as rain or fog (DTEI 2009). 
Rumble strips have been around for a few decades. Typically there are two options when 
considering rumble strips (or more commonly termed now as ATLM’s), these are either milled 
or raised. Milled rumble strips, developed in the 1970’s are strips that can be milled into the 
asphalt surface. An alternatively to milling is they can be rolled into fresh hot aspahlt (Bahar, 
Wales & Longtin-Nobel 2001). Field tests show that milled in strips are more efffective than 
rolled strips, an additional benefit for milled strips is they can be installed on existing 
pavements. Milled or rolled rumble strips are effective in snow prone areas as they are not 
removed by snow ploughs (Bahar, Wales & Longtin-Nobel 2001). 
 
Figure 2.14: Milled in rumble strips 
Source: Bahar, Wales & Longtin-Nobel 2001 
 
Raised ATLM’s are markers that are stuck to the pavement surface. Common types are created 
by installing raised bars or thermoplastic ribs along the road surface. The life span of 
thermoplastic type ATLM’s are claimed to be 5-7 years (DTEI 2009 and Austroads 2016).  
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Figure 2.15: Close view of audio tactile line marking 
Source: Austroads 2016 
DTMRs current treatment of ATLM is using thermoplastic ribs. For edge line marking these 
ribs are 150mm wide, 50mm long and 8mm high. The double barrier line configuration is 
80mm wide, 50mm long and 8mm high with a centre gap of 80mm. These configurations are 
shown in figure 2.16 and 2.17 below. 
 
Figure 2.16: ATLM edge line 
Source: DTMR 2012 
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Figure 2.17: ATLM double barrier line 
Source: DTMR 2012 
 
There is lots of evidence to suggest that ATLM’s are effective at reducing crashes. Table 2.4 
below shows the effectiveness as determine by multiple studies relating particularly to head-
on crashes. 
 
Table 2.4 Summary of CRF’s and CMF’s for raised profile centrelines, various sources 
Source: Austroads 2016 
 
Anund (2005) also conducted a study to determine a fatigued drivers’ behaviour when they 
drift out of the traffic lane with audio-tactile line marking. There were positive results showing 
that the depth and amplitude of an audio-tactile has an effect on the time it takes for a driver 
to fall asleep again. Although no definitive conclusions were made, most of the drivers 
preferred a more aggressive tactile. Drivers also preferred the audio-tactile to be closer to the 
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lane edge allowing a large shoulder. This made them feel they had more time and space to 
react before they would veer off the road.  
 
2.5 Determining Treatment Effectiveness 
 
2.5.1 Evaluation of Treatments 
Any roadside treatment will have its benefits and drawbacks, there is no one unique solution. 
In each case a major driving factor behind improving roads and roadside environments is to 
reduce the severity. Observational studies are useful tools to determine crash rate reduction 
and determine the effectiveness of a road treatment (Ciarney 2013). 
Observational studies are used to look at determining the improvement of a specific road 
feature improvement of operational change. This is done by undertaking a safety study, a 
popular road safety study is the before-and-after study. A before-and-after study is desirably 
used to observe the road safety implications on a road caused by implementing a specific 
improvement or introducing an operational change. An example of this may be to observe the 
effect a change in wearing course on aquaplaning or a reduction in speed limit on rear-end 
crashes. A before-and-after study is a technique that allows safety to be analysed within the 
context of road safety. 
Engineers (May 2009) talks about defining safety before trying to attempt to predict a level of 
safety. This concept albeit being quite simple does have merit. This is attempting to initially 
define what we view a being safe. Engineers (May 2009) continues to describe road safety in 
two ways. First as an objective measure which is measured by the number of accidents. 
Secondly as a subjective perception or road security, a measurement as to how safe someone 
feelings when travelling. When we want to measure the number of accidents, we need to know 
what accidents we are interested in. 
 
2.5.2 Target Accidents and Safety Performance 
Engineers (May 2009) describes that accidents can be split into two separate groups. The first 
are accident types that are directly affected by an implemented safety treatment, and the second 
are those that are comparison accident types that are not directly affected. Target accidents are 
those accidents that are directly related. This relationship may not be known and it is often the 
intent of the study to determine these relationships. 
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Target accidents are identifiable by looking at recurring crash types. They may also be 
identified as a high cost accident causing severe injuries or death, causing a significant cost on 
society. Alternatively they may be identified as a typical accident associated to a specific 
treatment. When undertaking a safety study it is important to accurately define which accidents 
are in what group. To do this a firm grasp is needed on the type of treatment and the 
contributing factors to certain accidents. This will eliminate the accidental analysis of a 
comparison accident type being included as a target accident. (ITE-TSC 2009) 
Safety performance of a road is a measure of the safety of a road. Affected by two groups of 
factors, the first group being factors that are recognisable, measureable and understood. The 
second group are factor that are not recognisable, not measureable and not understood. 
Engineers (May 2009) describes that with these two groups, a change in safety performance 
can be characterised into four components. These four components are treatment effect, 
exposure effect, trend effect and random effect. These components are discussed below. 
 
2.5.3 Treatment Effect 
The tangible difference in safety performance after a treatment is implemented is what is 
termed the treatment effect. It is measured by determining the change in safety performance 
had the treatment not been implemented. To accurately define the treatment effect a solid 
understanding is needed on the exposure, trend and random effects. 
Tapan (2003) talks about the first step of a before-and-after study is to first identify a crash 
problem, crash history data is usually used to determine help identify this. Where there is a 
crash problem there will be a predominant crash type or crash types. An important step 
highlighted by Tapan (2003) is to undertake engineering studies to determine the driver and 
behavioural effect, or trend effect. This is important to make sure an appropriate treatment is 
implemented. 
 
2.5.4 Exposure Effect 
Defined as the amount of exposure to the facility. Engineers (2009) states that traffic volume 
has a direct relationship with accident frequency. This simple implication is that the more 
exposure a particular section of road has, the more often and more likely there is going to be 
an accident. Duivenvoorden (2010) supports this, however suggests that the road crashes per 
kilometre increases in an asymptotic nature as traffic volume increases. Therefore it is 
important to understand if the treatment applied will affect the capacity of the roadway in any 
way or the way in which it is operated. 
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2.5.5 Trend Effect 
Non-recognisable and non-measureable factors contribute to the trend effect. These are 
parameters not directly relatable and vary with respect to time. Example of these trend effects 
are driver behaviour and skill, police enforcement, environmental conditions or the wearing 
course surface condition. 
 
2.5.6 Random Effect 
The randomness effect is an occurrence commonly known as regression-to-the-mean bias. 
Regression to the mean is an unusual phenomenon that occurs to a sample of values, which in 
any event there will tend to be a general tendency of high values, or outliers. A regression 
tends to occur after a high frequency of outward values and then a subsequent period will draw 
closer to the mean.  
Historical evidence shows that crash data generally demonstrates this type of character. Any 
particular site with high accident frequencies, would expect a lower accident rate in the 
subsequent periods. The regression to the mean phenomenon can have a significant effect on 
a before and after study (Hauer 1997). 
A study by Persaud (year unknown) on regression-to-the-mean showed that there is a high 
probability of less accidents occurring in a subsequent year after a treatment has been 
implemented, even if the treatment is not effective. An example to show regression to the mean 
is shown in the table below. 
Year No. of accidents for Site A 
Mean no. of accidents for Site A 
(inclusive of previous years) 
1 5 5 
Safety treatment implemented 
2 1 3 
3 0 2 
4 2 2 
Table 2.5: Crash frequency regressing to the mean 
 
This example in Table 2.5 shows the effect of regression to the mean. In this example after 
year 1 action was taken and a treatment implemented. Consider that if this treatment did not 
actually have an effect on target accidents, it would have incorrectly observed a reduction in 
crashes to only one accident in the following year. This crash reduction would be interpreted 
as being a successful treatment. Observing a longer period it can be seen that the number of 
accidents regresses closer to the true mean of 2 accidents per year.  
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Figure 2.18 below also shows outlier values regressing back towards the mean value and the 
decrease in crash frequency after the treatment has been implemented. 
 
Figure 2.18: Intersection crash analysis 
Source: Tapan 2003 
 
Regression techniques allow the mean value to be filtered out through the treatment, exposure, 
trend and random effects.  Historical evidence shows that crash data generally demonstrates 
this type of character and has a considerable effect on the findings and validity of before-and-
after studies (Hauer 1997). Using a control group in a before-and-after study is one method to 
eliminate the regression to the mean effect, this is discussed in section 2.6. 
 
2.6 Methods of Analysis 
The analysis of road safety is an important step within the process of building and maintaining 
a road network. Improving the road network is a reflective process which can provide feedback 
to inform road authorities what road treatments have been effective and what treatments can 
be reused or trialled in an effort to improve the road network. The ‘Safe System’ approach to 
a road network is a vision that human error on a road does not result in serious injury or death. 
To constantly move towards creating a safe system, it is important to take steps to improve 
and evaluate the safety of the road network (Austroads 2012). 
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Accident analysis is the process by which a particular road section and treatment is analysed 
to determine the effectiveness of a treatment. A before and after study is one of the methods 
by which the effectiveness of implementing a specific treatment can be estimated. The 
following sections discuss methods of crash analysis and associated factors such as evaluating 
treatments and safety performance. 
 
2.6.1 Naive before-and-after study 
The Naïve before-and-after study method is a simple technique to undertake an observational 
type of study. This methodology estimates the reduction in accidents by using the known 
accidents counts for the after period and the known accidents counts for before period. The 
treatment affect is calculated by finding the difference between the known accident counts 
from the before and after period. This method however is not able to filter out the exposure, 
trend and random effect. This technique is not recommended to be used in real-world 
applications due to the deficiencies in its analysis. (ITE-TSC 2009) 
 
2.6.2 Before-and-after with yoked comparison 
This methodology uses a yoked comparison group to give a one-to-one comparison between 
a treatment site and comparison site. By using a singular comparison group it is hoped that the 
exposure effect on the treatment group and comparison group are similar, therefore accounting 
for the change in exposure from the before period to the after period.  
It is important the comparison site is selected on its similarity to the treatment site, having 
closely similar features such as geometric layout, cross section, traffic volume and accident 
frequency. By doing this the changes in the comparison group from the before period to after 
period should be closely relatable to the treatment group and would have affected it in the 
same proportion. With this assumption the expected accident frequency for the treatment site 
for the after period can be calculated by multiplying the ratio of the comparison group after-
to-before by the treatment site before period. This is represented by the equation below. (ITE-
TSC 2009) 
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Figure 2.19 below shows how a treatment group is paired with only one comparison group. In 
the context of this methodology, a treatment group and comparison group are singular and 
contain only one site. 
 
 
Figure 2.19: Yoked comparison linking a treatment group to only one comparison group. 
Source: ITE-TSC 2009 
 
There are several downsides to this method. Only one comparison group is used which would 
produce different results with the use of different comparison sites. This method does not 
correct for regression to the mean bias, both the treatment site and comparison site is 
susceptible to this reduction in accident frequency. The change in accident frequency cannot 
be directly attributed to the treatment effect or the random effect. This method also cannot be 
used if the comparison site has no accident history. (ITE-TSC 2009) 
 
2.6.3 Before-and-after with comparison group 
The logic behind the comparison group methodology is similar to the yoked comparison group. 
The main difference is that the treatment site is not paired with one comparison site, rather a 
comparison group which all have similar characteristics. In this instance it is important that 
the elements are similar, however it is most critical that the accident frequencies are similar 
between the treatment site and the comparison group’s sites. 
An advantage of this method is that it solves one of the yoked comparison group issues. Using 
a larger sample space in the comparison group reduces the inaccuracy of the exposure effect 
and gives a smoother, average value. Similar to the yoked comparison group method, this 
method does not correct for regression to the mean bias and cannot be used if either the 
comparison group before period or after period accident frequency is zero. The latter however 
is unlikely to occur when using a comparison group in lieu of a singular comparison treatment. 
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Figure 2.20: Comparison group linking a treatment group to the comparison group 
Source: ITE-TSC 2009 
 
2.6.4 Empirical Bayes Method 
The Empirical Bays method is a commonly utilised statistical method in before-and-after 
comparison analyses. This method has been used for over 30 years to conduct statistical 
analysis and is regarded as a highly credible methodology (Persaud B 2006).  
The development of this method involves calculating values called safety performance 
variables, which is used to create a Safety Performance Function (SPF). An SPF’s is developed 
and used to estimate the number of accidents in the after treatment period had the WCLT not 
been implemented.  
The Empirical Bayes approach removes the random effect as discussed in section 2.6.4 above 
by using a control group of similar sites. This control group accounts for the regression-to-the-
mean effect, weighting factors are used to analyse the accuracy of the model. The control 
group is filled with multiple control sites, it is critical that the comparison group is similar to 
the treatment group but it does not need to be exact (Persaud B 2006).  
The Empirical Bayes method is valuable to statistical analysis because it corrects for the 
regression-to-the-mean effect and traffic volume. On the other hand the Empirical Bayes 
method is a more complex method compared to other simpler studies. This has been thought 
to make the Empirical Bayes method less valuable when a simpler method can provide equally 
valid results. An Empirical Bayes analysis needs to be thoroughly scrutinised when a study is 
being assessed for validity. A study undertaken by Persaud B (2006) found that care has to be 
taken when adopting the parameters for the methodology and the results obtained, these issues 
identified are discussed in section 2.6 below.  
A study undertaken by Persaud B, 2006 found that amalgamating effects on different crash 
types, specification of the control group and accounting for traffic volume changes are issues 
that need to be correctly interpreted for the results of an Empirical Bayes study to be valid. 
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2.7 Crashes on Rural Roads 
Crashes on rural roads are over represented with respect to traffic volume and severity. An 
article by Australasian College of Road Safety (2016) states that nearly half of fatal crashes 
occur on rural roads. Additionally you are 4 to 6 times more likely to be killed on a rural road 
than an urban road per kilometre travelled. Backing this up is a report from the Organisation 
for Economic Co-operation and Development (1999) also stating that per kilometre the risk of 
being killed on a rural road oposed to a motorway is 4 to 6 times more likely. 
Lee G, Tziotis M, et al.(2005) also calculated the relative risk of a rural accident to occur over 
an urban accident. These relative risk factors in Queensland were calculated to be 12.1 for 
fatigue related crashes, 6.4 for single vehicle and 4.7 for speed related. 
Furthermore a study of South Australian rural roads between 2002 and 2006 showed 37% of 
accidents resulted in admission to hospital and 6% were fatal. Head-on crashes contributed the 
highest proportion of high severity injuries at 55%. This shows head-on crashes are highly 
represented as a high severity crash type on rural roads (Mackenzie 2008). 
 
2.8 Crash Modification Factors 
Crash reductions are measured using Crash Modification Factors (CMFs.). A CMF is a 
multiplicative factor which is used to calculate the expected number of crashes if a particular 
treatment is implemented. It is a fractional representation of the relative change in crash 
frequency. A CMF can be calculated using the equation below. 
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The expected average crash frequency without treatment is regarded as the number of crashes 
at the site prior to the treatment. This is generally known by attaining the crash history. If 
implementing a treatment reduces the crash frequency, this will yield a CMF value of less than 
one, a value greater than one would be obtained if the crash frequency after a treatment 
worsened the number of accidents of a given period. The CMF obtained is the treatment 
measure of effectiveness (Austroads 2012). With a know CMF, you can cross multiply and 
calculate the expecte crashes with a treatment implemented. 
A CMF may then be represent as a Crash Reduction Factor (CRF). Austroads (2012) outlines 
the CRF to be the traditional measure for a crash reduction study, the percentage reduction 
after implanting the safety treatment. The CRF is given by the equation: 
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(	(%) = (1.00 − )		100 
 
Austroads (2012) does goes on to say that generally the CRF value is used only in Australia 
and New Zealand. Most other countries use the CMF value in lieu of the CRF percentage and 
this should be adopted as the accepted practice to line up with world practices. 
 
2.9 Crash Types 
The Department of Transport and Main Roads in Queensland use a DCA register (Definitions 
for Coding Accidents) to differentiate accident types. The DCA table enables any accident to 
be defined by the type and nature of the crash. All accidents recorded in the road crash database 
are given a unique DCA number. 
This study, similar to the 2012 study undertaken by Whittaker (2012) is looking at the head-
on (HO), run-off-road-left (RORL) and run-off-road-right (RORR) type crashes. These crash 
types are the target crashes for the WCLT treatment, defined as ‘HO’ (inclusive of RORR) 
and ‘RORL’. Any crash that doesn’t fall under these two categories are classified as ‘OTHER’. 
And finally the three of the crash types will be summed to give ‘TOTAL’ crashes. These crash 
types taken from the DTMR DCA code index, summarised in table 2.6. Table 2.7 below shows 
the full DCA table. 
 
Crash Type (classification) Crash Code 
Head-on & Run-off-road-right (HO) 201, 702, 704 
Run-off-road-left (RORL) 701, 703 
Table 2.6: Crash codes for target crash types 
Source: DTMR 2016 
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Table 2.7: Definitions for Coding Accidents (DCA) 
Source: DTMR (2016) 
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2.10 Benefit Cost Ratio 
Calculating a BCR provides insight into the best treatment and the benefit/return on investment 
similar to other road infrastructure (DTMR 2013). The 2012 research provided a BCR calculation 
based on the crash reduction percentages calculated in the initial research. Reviewing these results 
it is observed that the values provided are based on a fatality or hospitalisation incident. In reality 
the BCR should be calculated relative to the casualties, not the incidence of a crash. 
The dollar impact for different severities on rural roads is shown in table 2.8. 
Severity Rural 
Fatality $2,600,877 
Serious Injury $621,089 
Medical Treatment $24,994 
Minor Injury $24,994 
Property Damage Only $9,280 
Table 2.8: Crash Cost Values for a Rural Road 
Source:  DTMR, 2013 
 
Due to time limitations a BCR dollar value is not being calculated. This could be looked at in 
further research. 
 
2.11 Summary of Literature Review 
This literature review has discussed the WCLT, how to determine treatment effective, crash 
analysis methods and associated literature. From the research undertaken the Empirical Bayes 
method is the most suitable for this research and will be used to conduct the crash analysis. This 
method will be used because it accurately determines the treatment effectiveness by accounting 
for the exposure, trend and random effects. 
This literature review also identifies the need for research into effective means of reducing 
fatalities on rural roads. There is a lot of literature available that suggests fatalities are over 
represented on rural roads. This justifies the need for this project to re-assess the WCLT treatment 
that has been implemented in the past, but have not been accurately analysed with respect to an 
adequate amount of years of post-WCLT crash data.  
The findings of this study will further add to previous knowledge of the effectiveness of the 
WCLT and the benefit it provides, it will do this by providing updated CMFs.  
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CHAPTER 3 – METHOD 
 
3.1 Introduction 
This chapter is to discuss the methodology for the project. The preceding literature review 
discussed various methods that can be used in road safety. A simple method like the naïve before 
and after study is a simple method but does not correctly allow for the exposure, trend and variable 
effect. Each method discussed in the literature improves the accuracy of a before and after study 
but, becomes increasingly more complex to perform.  
The most accurate method discussed was the Empirical Bayes method. Although this method has 
more complexities in the analysis, it does accurately account for the exposure, trend and 
randomness effects. To overcome these shortfalls and provide validity to the results of this 
research, the Empirical Bayes method will be used. 
The following sections discuss the Empirical Bayes approach to give a general understanding 
before getting into the analysis. The detailed application of the Empirical Bayes method is 
discussed in chapter 4. 
 
3.2 Empirical Bayes Method 
The literature review undertaken revealed that the Empirical Bayes method was the most suited 
to account for the exposure, trend and regression-to-the-mean bias. The Empirical Bayes 
methodology proposed by Hauer (1997) is specific to before and after studies in road safety, this 
is the methodology adopted for this research. 
The change in safety of a crash type is given by finding the difference between the predicted 
number of crashes for the after period and the actual number of crashes measured in the after 
period. This difference is represented by the equation B – A, where A is the sum of reported 
crashes and B is the sum of expected number of crashes had the treatment not been implemented. 
The factor B is estimated using the Empirical Bayes method. This is done by first fitting a 
regression model to the control group. This model calculates SPF variables which feed into an 
SPF equation. The control sites calibrate the SPF model and account for changes in traffic volume 
and regression to the mean bias. 
The calibrated SPF function is then used to estimate the number of crashes (P) that would be 
expected to occur within the treatment site segments for the before and after periods (Pb and Pa). 
This is given by the equation, 
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. = 		[012(34	×06)2(789:	;:8<)×0=)] 
 
Next a weighted estimate m is calculated of the number crashes for the before period. This weights 
the actual and expected number of crashes based on the fit of the regression model to the actual 
crash data. The weighted estimate is given by the equation, 
 = '?() + 'A(.B) 
Where, 
'? =	
.B
.B 	+ 1 CD
 
'A =	
1
C(.B 	+ 1 CD )
 
Where m is the expected number of crashes, w1 and w2 are the two weighting factors, x is the sum 
of treatment site crashes in the before period, Pb is the sum of treatment site crashes in the after 
period determined by the SPF model. The constant k is derived from the regression model, the 
negative binomial factor.  
A ratio R is calculated for the after period to the before period, from the estimated number of 
crashes from the SPF function. This factor accounts for the length of the before and after period. 
This ratio is given by the equation, 
( = .E .B⁄  
The variance of B or Var(B) is then calculated by the equation, 
G(H) = (A ×  
Finally the expected number of crashes B had the treatment not been implemented is calculated 
by multiplying m by R. This is represented by the equation, 
H = 		 × 	( 
3.3 Estimating the Safety Effect 
After B has been calculated the effectiveness of the treatment can be determined. A simple method 
is to use the ratio of A/B to determine the effectiveness, 
I =  HD  
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The safety treatment effect is calculated by looking at the estimated and actual values for the after 
period. Hauer (1997) uses an alternative method also used by Whittaker (2012), claiming a 
decrease bias in the ratio. The unbiased effectiveness θ can be obtained by the equation, 
I =	

HD
1 + [G(H) HAD ]
 
Finally the crash reduction percentage can then be calculated from the equation, 
ℎ	(%
	(%) = 100(1 − I) 
 
3.4 Treatment Site Selection 
The treatment site is where the WCLT has been implemented. A site will generally contain of 
multiple segments explicitly treated by the WCLT, excluding major intersections or breaks in the 
treatment.  
The intent of the WCLT is to reduce the number of incidences of head-on or cross over the 
centreline crashes. Therefore this research is excluding segments of road with major intersections 
that have a major change in road conditions (eg. channelised right turn treatment). Major 
intersection generally have changed road conditions such as street lighting or changes in 
geometry. Most major intersections encountered on the Bruce Highway have a channelised right 
turn treatment (CHR) which separates the through movements to accommodate the turning bays. 
These segments will be removed to consider only locations with the WCLT.  
There are section of WCLT that continue through a minor intersection, typically in these instances 
the WCLT is retained with a small break at the intersection. These segments will be retained as 
there is generally no change in alignment and the operation of the WCLT should not be effected. 
Chapter 4 discussed the specifics of the treatment sites in greater details. 
 
3.5 Control Groups Selection 
The control group selection is an important aspect of the Empirical Bayes analysis. The control 
group is a group of road segments similar to the WCLT, but does not need to be exact. An accurate 
control group enables the regression model to accurately calculate the after period crashes for the 
treatment site. This removes the regression to the mean bias in the after period and accounts for 
changes in traffic volume for different years.  
The control group sites do not need to be exactly the same as the treatment sites, however they do 
need to be closely relatable. For this research closely relatable means: 
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• The sites have a similar cross section that could be used for a WCLT (10-11m) 
• The road has a similar function (commuting between towns in a rural environment) 
The DTMR ARMIS database was used to search for similar cross section widths to the treatment 
site, which is a single carriageway 10-11m wide in the North Coast, Wide Bay and Darling Downs 
regions. This cross section width is suitable for implementing the WCLT and is also typical of 
the Bruce Highway, Sunshine Motorway, D’Aguilar and Glass House Mountains Road treatment 
sites. 
This query returned a large number of segments. The data was narrowed based on the second 
criteria, having a similar function to the treatment site. Each of the treatment sites although in 
different locations, serve as a major rural highway between rural towns. Selecting similar 
highways as control sites should provide a higher level of accuracy to the model relative to the 
treatment sites. The control sites chosen for this research are the: 
• Bruce Highway 
• D’Aguilar Highway 
• Warrego Highway 
• New England Highway 
• Brisbane Valley Highway 
• Sunshine Motorway 
• Glass House Mountains Road 
The control group used in the Whittaker (2012) is shown in table 3.1 below. The differences in 
control groups between this research and the 2012 research are: 
• Cunningham highway has been excluded – The function of highway suits the treatment 
sites but did not return any appropriate segments. DVR also could not be used to verify 
the road due to being in a different region and not having access to this road. 
• Sunshine Motorway has been included. 
• Glass House Mountains Road has been included. 
An excerpt of the ARMIS search showing segments between 10 and 11m can be seen in Appendix 
B. 
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Table 3.1: Summary of control groups for Whittaker 2012 study 
Source: Whittaker 2012 
 
3.6 Crash Data Collection 
Crash data is essential to completing a before and after study. An appropriate amount of crash 
data either side of a road safety treatment can be used in a before and after study. To obtain the 
crash data, a data request was sent to the DTMR road crash unit. The request retrieved all accident 
data for the required roads between the years 2006 and 2016. All the crash information relating 
to fatal, hospitalization, medical treatment and minor injury crash severities.  
The crash data obtained was in a Microsoft Excel comma separated file. CSV files are easily 
manipulated with Excel and MATLAB, which is used in the analysis. The crash data is used in 
the Empirical Bayes analysis firstly to derive the control site SPF and secondly to determine the 
actual crash count for the treatment site before and after period. The application of the crash data 
is discussed further in chapter 4. A small excerpt of the crash data file is provide in Appendix C, 
with over 4000 rows of crash data it is unfeasible to include this as an appendix. 
 
3.7 WCLT Construction Timeframes  
The construction of any road occurs over a defined time period. Throughout this time period the 
road typically does not operate in the same capacity due to changes to the road environment. 
Examples of these changes are generally surrounding speed reductions and changes in lane width. 
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This research has not been able to identify a clear start and end date for the WCLT construction 
periods. The data available in DMTR databases only indicate the construction completion dates. 
This means that the date when construction work began on the WCLTs is unknown.  
The implication of including data in this unknown time period is that the road segments may not 
be operating under normal conditions. This will have an effect on the accidents in this time period 
and if included could potentially affect the SPF model calibration. This could then flow on to 
influencing the SPF estimates for the treatment site calculations. 
Ideally this research would exclude the construction period from the SPF calibration process and 
the treatment site SPF estimates. Because the start dates are unknown, this research will assume 
an instantaneous transition from pre-WCLT to post-WCLT at the finish date indicated in the 
DTMR databases. This approach will not provide 100% accuracy, however this is a limitation of 
the data available. There are further research opportunities in this space to look at the impact road 
works has on crash occurrence. 
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CHAPTER 4 – ANALYSIS 
This chapter thoroughly discusses the analysis of the WCLT treatment sites to calculate the crash 
reduction percentages. The Empirical Bayes method as discussed in the literature review and 
method chapters is being used in this analysis. There are four road being analysed in this research, 
to illustrate the analysis process the examples used in this chapter relate to the Bruce Highway 
using additional crash data, fatal and hospitalisation severities only. 
To provide a logical and structured analysis, outlined below is a process developed for the 
Empirical Bayes method. This process has been used for each of the treatment sites being 
analysed, the results of each scenario is discussed in chapter 5.  
The Empirical Bayes method uses the following steps and are discussed in the subsequent 
sections: 
1. Collect crash data 
2. Determine treatment site segments 
3. Determine control site segments 
4. Dissection of crash data using MATLAB 
5. Calculation of SPF variables 
6. Empirical Bayes calculations 
7. Cost benefit analysis. 
 
4.1 Collect Crash Data 
The road crash data used for this research was obtained from the DTMR crash databases. At the 
start of the research it was known the treatment and control sites for this research would be within 
the vicinity of south east Queensland. The crash data obtained therefore included all the roads in 
the North Coast, Wide Bay and Darling Downs regions to ensure there would not be a need to 
obtain additional crash data.  
Due to the lag in updating crash databases with recent crashes, the crash data available includes: 
• Fatality crashes up to and including April 2016  
• Non-fatal severity type crashes (hospitalisation, medical treatment and minor injury), up 
to and including December 2014.  
Combining these two available data sets give a full representation of crashes up to the end of 
2014. Whilst all care is taken when inputting crash data into the system, the accuracy of the crash 
data heavily relies on the accuracy of the crash reports. Any errors in a crash report will flow 
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through to the crash database. Due to time limitation, this research assumes that the crash data is 
inputted correctly and has not been individually verified with the crash report. 
The crash data obtained was in the form of a Microsoft Excel comma separated file. This allows 
easy manipulation in the software packages SPSS and MATLAB which is used later in the 
analysis. 
 
4.2 Determine Treatment Site Segments 
With the crash data obtained, the treatment sites and segments can be determined. This is the first 
major task and involves firstly determining which roads are being analysed and secondly 
determining the start and end chainages of the WCLT segments on that road. This research has 
used TMRs Digital Video Road (DVR) application to determine start and end chainages based on 
the 2016 data (or most recent available).  
There are multiple treatment sites being analysed in this research. Table 4.1 shows the roads with 
significant lengths of WCLT implemented in south east Queensland.  
Road Date WCLT Implemented 
10A - Bruce Highway (Brisbane – Gympie) June 2011 
10B - Bruce Highway (Gympie – Maryborough) June 2011 
150A - Sunshine Motorway (Tanawha – Mooloolaba) Jan 2013 
150B - Sunshine Motorway (Mooloolaba – Peregian) April 2013 
17B - Cunningham Highway (Ipswich – Warwick) July 2015 
42A - Brisbane Valley Highway July 2015 
40A - D’Aguilar Highway (Caboolture – Kilcoy) August 2015 
490 - Glasshouse Mountains Road August 2015 
Table 4.1: WCLT treatments in south east Queensland 
 
The oldest WCLT sites are on the Bruce Highway implemented in 2011. These segments are one 
of the primary focuses of this research, completing a follow up study and looking at the impact 
of alternate severity types. 
In addition to the Bruce Highway sites (10A and 10B), this research is looking at the segments of 
WCLT installed on the Sunshine Motorway (150A and 150B), D’Aguilar Highway and Glass 
House Mountains Road installed in 2013, 2015 and 2015 respectively.  
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The WCLT sites on the Cunningham Highway and Brisbane Valley Highway are not being 
considered in this research. The Cunningham Highway WCLT extents are not fully known due 
to data restrictions and the Brisbane Valley Highway is a short segment installed with an 
overtaking lane. Due to time limitations these two roads were excluded early in the project and 
are not being considered for analysis.  
Therefore excluding these two roads leave the Bruce Highway, Sunshine Motorway, D’Aguilar 
Highway and Glass House Mountains Road for inclusion into this research. The Bruce Highway 
and Sunshine Motorway ahve the standard WCLT with no overtaking opportunities whilst the 
D’Aguilar Highway and Glass House Mountains Road both have sections of the new WCLT  
which permits overtaking.  
Considering the available crash data, the number of years (post-WCLT) and severities that can be 
used in this research are: 
1. Bruce Highway – 3.5 years post-WCLT up to the end of 2014, all severity types available. 
2. Sunshine Motorway – 1.5 years post-WCLT, up to the end of 2014, all severity types 
available. 
3. D’Aguilar Hwy and Glass House Mountains Road – Less than 1 year post-WCLT, fatal 
accidents only. 
With the treatment sites determined the control group can now be determined. Further detail of 
the individual WCLT treatment sites are provided in the subsections below. A full list of the 
treatment site segments are provided in Appendix D. 
 
4.2.1 Bruce Highway 
The Bruce Highway treatment sites being considered for analysis are the same WCLT sites used 
in the 2012 research. In 2012 a study was conducted using only 1 year of post-WCLT data. The 
Bruce Highway sites now have over 3 years of post-WCLT crash data available. This will provide 
confidence in the crash reduction percentages obtained from the follow up study.  
The Bruce Highway treatments site are shown on the locality plan in figure 4.1 below: 
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Figure 4.1: Bruce Highway treatment sites 
 
Reviewing the WCLT segments for this research revealed that a large portion of segments from 
2012 have been removed due to major highway works. Section B of a 4 section upgrade from 
Cooroy to Curra was opened to traffic in December 2012. A second section, Section A began 
construction in June 2013 and is expected to be completed in early 2017. 
These major upgrade works have resulted in some segments receiving reduced speed limits 
around construction sites and some being removed entirely. The extents of each of these major 
highway upgrade sections are below: 
• Section A: Cooroy southern interchange to Sankeys Road (approximately 102.95km to 
115.5km) 
• Section B: Sankey Road to Traveston Road (approximately 115.5km to 127km) 
Throughout the process of checking the WCLT segments, it was observed that the road works as 
a result of Section B has removed multiple segments that were originally in the 2012 research. 
Table 4.2 below shows a comparison of the 2012 and 2016 segments. 
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Road 2012 Segments 2016 Segments 
10A 
  
 102.51 102.87 
102.24 108.27 103 108.99 
108.27 108.93 
112.18 117.1 
112.47 113.32 
113.43 113.685 
114.095 114.66 
118.5 119.33 
Removed 
119.79 120.86 
121.43 121.69 
122.06 124.52 
124.99 125.32 
127.18 128.04 127.47 127.83 
128.52 130.27 128.12 130.07 
130.9 135.86 130.5 132.21 
132.32 133.8 
136.24 139.38 135.83 137.94 
10B 
 
3.05 3.63 3.09 3.67 
3.85 5.11 3.85 5.13 
5.45 5.76 5.44 5.77 
6.02 6.85 6.01 6.88 
7.3 9.09 7.25 9.12 
9.58 10.46 9.59 10.44 
10.58 12.1 10.63 12.12 
12.41 12.8 12.41 12.78 
12.8 13.17 Removed 
Table 4.2: Comparison of Bruce Highway Road Segments for 2012 and 2016 research 
 
Table 4.2 shows the main changes occur between chainages 118.5km and 125.32km. The 
comparison of segments also show how the segments approximately line up, but do not match 
exactly. This difference is caused from the change in gazettal of the road as a result of minor road 
work.  
The WCLT on the Bruce Highway was implemented in June 2011. For the purpose of defining 
clear beginning and end dates pre-WCLT crash data is prior to and including May 2011. Post-
WCLT crash data is from and including June 2011. Table 4.3 below summarises these dates: 
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Road Before Period After Period 
10A & 10B May 2011 June 2011 
Table 4.3: Bruce Highway adopted before and after periods 
 
Figure 4.2 and 4.3 below are the WCLTs installed on the Bruce Highway, 10A and 10B 
respectively. 
 
 
Figure 4.2: Bruce Highway (10A) WCLT 
Source: DVR 2016 
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Figure 4.3: Bruce Highway (10B) WCLT 
Source: DVR 2016 
 
4.2.2 Sunshine Motorway 
The Sunshine Motorway is a major arterial on the Sunshine Coast. The motorway is split into 2 
separate section, 150A and 150B. Road 150A (Tanawha – Mooloolaba) is an East-West arterial 
connecting Mooloolaba to the Bruce Highway. Road 150B (Mooloolaba – Peregian) is a North-
South arterial behind the local coast road. Both sections have the WCLT implemented, completed 
in January and April of 2013 respectively. Both of these sections have stretches of high speed, 4 
lane divided carriageway servicing upwards of 50,000 vehicles/day. A locality plan of the 
Sunshine Motorway sites are shown in figure 4.4 below. 
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Figure 4.4: Sunshine Motorway treatment sites 
 
Both roads have sections of single carriageway and low service volumes in a rural road 
environment. The segments of single carriageway which have the WCLT implemented are 
summarised in table 4.4: 
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Road Segments 
150A 6.45 7.7 
150B 21.29 25.51 
Table 4.4: Sunshine Motorway Segments for 2016 research 
 
Available post-WCLT crash data will allow for an analysis of almost 2 and over 1.5 years for 
roads 150A and 150B respectively. This amount of crash data should provide a reasonable level 
of confidence in the results, however the short segment lengths may decrease the level of 
accuracy. Table 4.5 summarises the before and after periods for the Sunshine Motorway segments 
for this research. 
 
Road Before Period After Period 
150A December 2012 January 2013 
150B March 2013 April 2013 
Table 4.5: Sunshine Motorway adopted before and after periods 
 
Figure 4.5 and 4.6 below are examples of the WCLTs installed on the Sunshine Motorway, 150A 
and 150B respectively. It can be seen that in figure 4.5, the section of WCLT on 150A does not 
have ATLMs installed. 
 
 
Figure 4.5 Sunshine Motorway (150A) WCLT 
Source: DVR 2015 
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Figure 4.6: Sunshine Motorway (150B) WCLT 
Source: DVR 2015 
 
4.2.3 D’Aguilar and Glass House Mountains Road 
Recent developments in the WCLT has introduced a variations of the original WCLT that permits 
overtaking. Similar to the standard line marking used on roads there are the following variations 
of WCLT simulating: 
1. Barrier line in both directions 
2. Barrier line in single direction and 
3. Dividing line for a two lane road. 
On a high volume two way road, overtaking is often difficult or impossible to do safely. On such 
roads overtaking lanes or divided carriageways are used to service the traffic volume, increase 
safety and allow overtaking opportunities. On two way sections that have lower traffic volumes 
and no overtaking facilities, it would be frustrating for motorists if overtaking opportunities were 
restricted or totally removed through the use of the barrier line WCLT. 
A locality plan of the D’Aguilar Highway and Glass House Mountains Road treatment sites are 
shown in figure 4.7 and figure 4.8: 
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Figure 4.7: D’Aguilar Highway WCLT sites 
 
Figure 4.8: Glass House Mountains Road WCLT sites 
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Segments included in the analysis are shown in Table 4.6: 
Road Segments 
40A 
0.99 2.04 
4.4 7.12 
7.6 8.5 
16.7 17.5 
17.72 19.14 
19.29 19.62 
19.75 21.74 
23.15 23.76 
30.65 34.2 
34.36 38.12 
39.46 39.61 
39.87 41.49 
41.67 42.58 
490 
 
0.46 4.25 
4.75 5.5 
5.9 6.07 
6.42 6.93 
21.09 21.95 
22.32 26.32 
Table 4.6: Sunshine Motorway Segments for 2016 research 
 
Figure 4.9 and 4.10 below are examples of the WCLTs installed on the D’Aguilar Highway and 
Glass House Mountains Road, 40A and 490 respectively. 
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Figure 4.9: D’Aguilar Highway (40A) 
Source: DVR 2015 
 
Figure 4.10: Glass House Mountains Road (40A) 
Source: DVR 2015 
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4.3 Determine Control Site Segments 
Moving onto the control site selection, the control sites are used to produce a Safety Performance 
Function (SPF). The control group does this by fitting a regression model to the crash data which 
in turn is used to calculate the SPF estimates for the treatment sites. 
The significance of the control sites are to reduce the regression to the mean effect and account 
for changes in traffic volume between each road and year. To realistically estimate the expected 
crashes had the WCLT not be implemented on the treatment site, the control group has to be 
realistic as well. The control sites need to be similar to the treatment site, but do not need to be 
exactly the same (eg. location and traffic volume). For this research control sites have been 
selected based on the similarity of: 
• Cross section – Looks at the total cross section width for which the WCLT is intended 
to be implemented on and matches control sites with a similar width. Additionally only 
single carriageway segments are used. 
• Operational function – Looks at the particular operating characteristics of the treatment 
site and choosing control sites of a similar nature. For example the roads selected as 
treatment sites are rural highway generally commuting between rural roads. To contrast 
this criteria the control sites selected are also of this nature; they are not single lane, dirt 
highway with very low traffic volume. 
As discussed in chapter 3, the control sites used in this research are shown in table 4.7. The first 
column shows the road, the second shows if a WCLT has been implemented on the road and what 
date the construction works were completed. 
Road 
Date WCLT 
Implemented 
10A - Bruce Highway (Brisbane – Gympie) June 2011 
10B - Bruce Highway (Gympie – Maryborough) June 2011 
150A - Sunshine Motorway (Tanawha – Mooloolaba) Jan 2013 
150B - Sunshine Motorway (Mooloolaba – Peregian) April 2013 
18B - Warrego Highway (Toowoomba – Dalby) Nil 
22B - New England Highway (Toowoomba – Warwick) Nil 
40A - D’Aguilar Highway (Caboolture – Kilcoy) August 2015 
42A - Brisbane Valley Highway (Ipswich – Harlin) Nil 
490 - Glasshouse Mountains Road August 2015 
Table 4.7: Empirical Bayes control sites 
 
With control sites determined, the road segments can then be determined. Similar to the treatment 
sites DVR was used to determine chainage extents. Before this the DTMR ARMIS database was 
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used to provide road segments that fit the first criteria (cross section width) between 10-11m wide. 
This cross section width is a typical cross section width that would be considered for the WCLT, 
particularly around the time the WCLT was first implemented on the Bruce Highway.  
This list was first sorted, removing roads that are not being used in the analysis. Next the segment 
length and length between segments were calculated. Segments that were continuous with 0m 
segment separation were amended to be one continuous segment. Next road intersections 
locations were analysed. Where there were major intersections the segments were split nominally 
100m either side to remove the section of wider cross section width. Next short, isolated segments 
nominally less than 150m were removed. 
At this point there was a full list of segments for the control sites, next DVR was used to verify 
the start and end chainages and amended to suit. Additionally consideration was given to the 
effect of the WCLT may have over narrow structures. Regardless of the cross section width, 
sections containing narrow structures (Eg. Bridge or culvert) were split to remove any impact 
these may have on the results.  
Finally the segment lengths were re-calculated, completing the control site selection. The only 
remaining task was to assign the AADT for each individual segment. An example of the Bruce 
Highway control segments for 2008 is provide in Table 4.8. A full list of the control site segments 
are provided in Appendix E. 
Section Start Chainage (km) End Chainage (km) Length (km) AADT 
1 102.51 102.87 0.36 15533 
2 103 108.99 5.99 14811 
3 112.47 113.32 0.85 15127 
4 113.43 113.685 0.255 15127 
5 114.095 114.66 0.565 15127 
6 127.47 127.83 0.36 15008 
7 128.12 130.07 1.95 15008 
8 130.5 132.21 1.71 15008 
9 132.32 133.8 1.48 15008 
10 135.83 137.94 2.11 15008 
Table 4.8: Bruce Highway 2008 control site segments 
 
 
 
 
 
The Effectiveness of the Wide Centreline Treatment  
  
 
54 
 
A locality plan of the control sites is shown in figure 4.11. 
 
Figure 4.11: Control sites locality plan 
 
With the control sites now determined the analysis can move on to the next task, dissecting the 
crash data. Further information is provided regarding the Bruce Highway control sites in the 
following subsection. 
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4.3.1 Bruce Highway 
The Bruce Highway had a speed limit change from 100km/hr to 90km/hr extending the length of 
the treatment/control segments. Prior to 2009 the segments on the Bruce highway had a posted 
speed limit of 100km/hr. In 2009 the speed limit was reduced to 90km/hr, the exact date of the 
speed limit change is unknown. DVR footage from 20th April 2009 shows 90km/hr speed limits, 
DVR footage prior to this from February 2008 shows 100km/hr. The DTMR application 
Chartveiw also does not show any projects within this period showing a reduction in posted speed. 
Therefore the exact date of the speed change is unknown, this means that sometime between 
February 2008 and April 2009 the speed restriction was introduced.  
To simplify the analysis this research has assumed that the speed change was implemented at the 
end of 2008. Therefore the years 2009 and 2010 pre-WCLT are posted at 90km/hr. The 
significance of this assumption is to provide consistency in the control site posted speeds. The 
segments for 10A and 10B in 2009 and 2010 will not be used as control sites because they are at 
a reduced speed limit and would require a CMF to be applied to account for the speed reduction.  
Figure 4.12, 4.13 and 4.14 show the same section of 10B at Ch. 3.25km in 2008, 2009 and 2012, 
illustrating the speed limit change and the introduction of the WCLT. 
 
Figure 4.12: Bruce Highway DVR image from May 2008 
Source: DVR 2008 
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Figure 4.13: Bruce Highway DVR image from April 2009 
Source: DVR 2009 
 
Figure 4.14: Bruce Highway DVR image from May 2012 
Source: DVR 2012 
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4.4 Dissection of Crash Data Using MATLAB 
The next step requires dissecting the crash data to the treatment and control segments. This is 
done using the MATLAB scripts developed to automate the dissection of the crash data. This part 
of the analysis is about analysing each row of crash data and accounting for the crash if it occurs 
in one of the control sites or treatment sites. 
The MATLAB coding does this automatically, checking each row of crash data and if the crash 
occurs in the treatment/control segment, relevant to the road, year and segment. If a crash occurs 
within the treatment/control site criteria then the crash incidence is added to that segment under 
the relevant crash type (HO, RORL, OTHER and TOTAL).  
Originally this process was being done by hand, however this is a long and arduous process prone 
to human error. The MATLAB was develop because of MATLAB’s functionality with array 
orientated programming. This enabled the development of the script files to automate the process 
and provide efficiency and accuracy to the dissection. 
In summary the script developed performs the following tasks: 
Initial Tasks: 
1. Import the crash data 
2. Hand verify crash data has imported correctly with no errors 
Control Sites (Before Period):  
1. Define variables (eg. DCA codes) 
2. Import the control site files for each road and year 
3. Run the loop to filter the crash data 
4. Output individual files with the crash incidences 
5. Output a combined file to be imported into SPSS to calculate the SPF variables 
Treatment Sites (Before and After Period):  
6. Import the treatment site files for each road and year combination 
7. Run the loop to filter the crash data 
8. Output individual files to be used in the Empirical Bayes calculation spreadsheet 
An excerpt of the MATLAB script is provide in figure 4.15.The full MATLAB script is provided 
in Appendix F. 
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Figure 4.15: MATLAB code for dissecting crash data 
 
4.5 Calculation of SPF Variables 
Next SPSS is used to fit a regression model to the control group to calculate the SPF variables. 
SPSS is a powerful data handling program, version 22 of SPSS is used in this analysis. 
The first step to fitting a regression model is to import the control group into SPSS, this is the file 
outputted from the crash data dissection process. Next the generalised linear model (GENLIN) 
function is used to analyse the data. Once selecting the GENLIN function, the associated settings 
and variables were selected.  
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On the model tab a negative binomial distribution with a natural logarithm link function was 
selected with the model estimating the parameter value. Next the dependent variable is selected, 
the dependent variable is the crash type (HO, RORL, OTHER and TOTAL). In this example the 
total crashes has been selected, the model was re-run for each of these dependent variable 
parameters.   
After the dependent variable is selected, the AADT and Segment Length are selected as covariates 
(independent variables) on the Predictors tab. Next these covariates are selected to be modelled 
on the Model tab. The parameter estimation is changed to Fisher and Pearson Chi-Square on the 
Estimation tab. Finally the model can be run producing multiple model variables and outputs. 
The exported model code for this analysis example is shown below: 
* Generalized Linear Models. 
GENLIN TOTAL WITH AADT Lengthkm 
  /MODEL AADT Lengthkm INTERCEPT=YES 
 DISTRIBUTION=NEGBIN(MLE) LINK=LOG 
  /CRITERIA METHOD=FISHER SCALE=PEARSON COVB=MODEL 
MAXITERATIONS=100 MAXSTEPHALVING=5 PCONVERGE=1E-006(ABSOLUTE) 
SINGULAR=1E-012 ANALYSISTYPE=3(WALD) CILEVEL=95 CITYPE=WALD 
LIKELIHOOD=FULL 
  /MISSING CLASSMISSING=EXCLUDE 
  /PRINT CPS DESCRIPTIVES MODELINFO FIT SUMMARY SOLUTION. 
   
Screen shots of the SPSS analysis and outputs are omitted from this section, however they are 
produced in Appendix G and Appendix H for clarity. After each crash type has been modelled 
the parameter estimates can be inputted into the Empirical Bayes calculations. 
 
4.7 Empirical Bayes Calculations 
In the previous section the Safety Performance variables for each crash type were calculated, 
modelled using a negative binomial distribution. Using these SPF variables the SPF equations 
were formed and used in an Empirical Bayes calculation spreadsheet. The SPF equation uses the 
AADT, Segment Length and an intercept term to estimate the number of crashes. 
The equation below is the equation derived to estimate the number of crashes for the TOTAL 
crash type. 
.4J4; = 		
[KA.LAM2(34	×N.NNNNOP)2(789:	;:8<)×N.?QO)]
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Where P is the estimated number of crashes had the WCLT not been implemented, CMF is the 
crash modification factor applied for the posted speed reduction on the Bruce Highway, AADT 
and Segment Length are the traffic volume and segment lengths the individual segments. 
The CMF applied has been determined as 0.6. This is from a crash-frequency accident 
modification table for fatal injury crashes (Harkey 2008), this table is shown below. 
 
Table 4.9: CMF for speed reduction 
Source: Harkey 2008 
 
SPF estimates calculated, the Empirical Bayes equations can be used to determine the crash 
reduction percentage. Table 4.10 shows an excerpt of the before period. The red rectangle shows 
the SPF estimates using the equation derived for P, the green rectangle shows the treatment site 
segments and in blue the actual recorded accidents filtered using the MATLAB script.  
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Table 4.10: SPF estimate for treatment site in the before period 
 
The HO, RORL and OTHER SPF estimates shown in the red rectangle are derived from the 
equations, 
.RJ = 		
[KS.?TA2(34	×N.NNN?NL)2(789:	;:8<)×N.?OP)]
 
.UJU; = 		
[KT.LMQ2(34	×N.NNN?S)2(789:	;:8<)×N.AAS)]
 
.J4RVU = 		
[KA.QL?2(34	×N.NNNNPS)2(789:	;:8<)×N?OQ)]
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An excerpt of the after period is given in table 4.11, it can be seen that the actual crashes and SPF 
estimates are summed at the bottom. These summed values are used in the Empirical Bayes 
equations. 
 
Table 4.11: SPF estimate for treatment site in the after period 
 
With the actual crashes and SPF estimates summed the Empirical Bayes equations can now be 
used to calculate the crash reduction percentage. Table 4.12 shows the variables used in the 
equations, where k is the negative binomial factor, Pb and Pa are the summed SPF estimates for 
the before and after period and x and A are the summed actual crashes for the before and after 
period. 
  HO RORL OTHER TOTAL 
k 0.556 2.313 1.336 0.753 
Pb 3.990 1.703 7.295 13.255 
Pa 4.100 1.776 7.328 13.472 
x 8 3 13 24 
A 6 2 11 19 
Table 4.12: Summing actual and predicted accidents 
 
First the weighted average is calculated by, this is shown in table 4.13. 
 = '?() + 'A(.B) 
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Where, 
'? =	
.B
.B 	+ 1 CD
 
'A =	
1
C(.B 	+ 1 CD )
 
  HO RORL OTHER TOTAL 
w1 0.689 0.798 0.907 0.909 
w2 0.311 0.202 0.093 0.091 
m 6.754 2.737 12.469 23.021 
Table 4.13: Weighted average and weighting factors 
Next R can is calculated, allowing for the time variance between the after period and before 
period, this is shown in table 4.14. 
( = .E .B⁄  
  HO RORL OTHER TOTAL 
R 1.028 1.043 1.005 1.016 
Table 4.14: Factors for variance between after and before period 
Followed by calculating the variance of B and B, the estimated number of crashes had the WCLT 
not been implemented. These calculations are shown in table 4.15. 
G(H) = (A ×  
H = 		 × 	( 
  HO RORL OTHER TOTAL 
B 6.940 2.854 12.526 23.399 
Var(B) 8.446 3.262 13.118 24.794 
Table 4.15: Estimated number of crashes in the after period 
Finally the effectiveness and crash reduction percentage is calculated to give the effectiveness of 
the WCLT, the results are shown in table 4.16. The calculation sheet is provided in Appendix I. 
I =	

HD
1 + [G(H) HAD ]
 
ℎ	(%
	(%) = 100(1 − I) 
  HO RORL OTHER TOTAL 
θ (Unbiased) 0.736 0.500 0.810 0.777 
Crash Reduction (%)  26 50 19 22 
Table 4.16: WCLT effectiveness 
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CHAPTER 5 – RESULTS 
The results from the analysis are discussed in this chapter. There were four roads analysed using 
the Empirical Bayes methodology. These roads are: 
1. Bruce Highway 
a. Original 2012 results, recalculating for error 
b. Original 2012 crash data analysed with MATLAB code 
c. Additional crash data including fatalities and hospitalization accidents only 
d. Additional crash data including all severity types 
2. Sunshine Motorway 
3. D’Aguilar Highway 
4. Glass House Mountains Road 
 
5.1 Bruce Highway 
This section discusses the results of the analyses of the Bruce Highway sections. There are four 
lots of results discussed, these are: 
1. Original 2012 results, recalculating for error 
2. Original 2012 crash data analysed with MATLAB code 
3. Additional crash data including fatalities and hospitalization accidents only 
4. Additional crash data including all severity types 
 
5.1.1 Original 2012 results, recalculating for error 
Reviewing the previous research calculations revealed an error in the Empirical Bayes 
calculations. This error is in the variance equation Var(B). To quantify the error, the 2012 results 
were recalculated amending the equation for VAR(B), Hauer (1997) is the methodology adopted 
in this research and the 2012 research.. The results of the amended 2012 research and the original 
are shown in table 5.1 below.  
 
 Crash Reduction (%) HO RORL OTHER TOTAL 
2012 (Original)  75 59 - 59 
2012 (Corrected)  77 62 - 59 
Table 5.1: Crash reduction percentage for 2012 research, amended VAR(B) 
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Comparing these results reveals that the recalculating for the error has generally increased the 
crash reduction percentages compared to the published results in 2012. This shows that the 
original research marginally under estimated the crash reduction percentage based on 1 year of 
post-WCLT crash data. A graphical comparison is shown in figure 5.1 below. The crash reduction 
percentage is illustrated on the y-axis and accident type on the x-axis. 
 
Figure 5.1: Comparison of the results from the original 2012 research and corrected results 
 
The change in crash reduction percentage for HO, RORL and TOTAL are 2%, 3% and 0% 
respectively.  
 
5.1.3 Original 2012 crash data analysed with MATLAB code 
This section discusses the results using the MATLAB script developed for this research using the 
2012 data and the original results. Both of these sets of results are using the treatment segments, 
control segments and crash data from the original 2012 research. The purpose of this is to compare 
and find differences in: 
1. The dissected crash data 
2. The Empirical Bayes results 
Comparing the dissected crash data for the treatment sites and the results reveal potential 
differences in the methodology approach or human error calculations in the original research.  
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The crash reduction percentages produced using the MATLAB script (using 2012 research data) 
is shown in table 5.2 below.  
Crash Reduction (%)  HO RORL OTHER TOTAL 
2012 (Original)  75 59 - 59 
2012 (Corrected)  77 62 - 59 
2012 (MATLAB)  100 38 80 78 
Table 5.2: Crash reduction percentage using 2012 data, 2016 methodology 
 
A graphical representation comparing the original, original (corrected) and the MATLAB results 
is shown in figure 5.2 below.  
 
Figure 5.2: Comparison of various 2012 data results 
 
Firstly looking at the results of the Empirical Bayes analysis, the comparison reveals a significant 
difference between the original research and those using the MATLAB script to dissect the crash 
data. Figure 5.2 shows a graphical comparison, it can be seen that: 
• HO crash types have significantly increased to 100% (25% increase) 
• RORL crash types have significantly reduced to 38% (21% reduction) 
• Other crash types have been calculated at 80% (originally not calculated) 
• All crash types have significantly increased to 78% (19% increase) 
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Comparing the original and new results using MATLAB reveals a 19-25% difference in crash 
reduction percentages. Comparing these two sets of results reveal: 
1. HO, OTHER and TOTAL accident types appear to be relatively consistent, but are high. 
These results are typical of a lack of data and a very positive initial treatment effect. 
2. HO crash reduction is estimated to be 100%. This is because there are no HO crashes in 
the after period. In the original research there was one incorrectly identified. Table 5.3 
below shows the crashes in the after period for the original research and that produced 
by the MATLAB script using the same data. 
The two analysis have a different approach. The crash data in the original research was dissected 
by hand whilst the crash dissection in this research uses MATLAB. The main difference between 
the two approaches that would contribute to the observed differences are: 
• Dissecting by hand is prone to human error and would require rigorous checking. 
• Dissecting with MATLAB is accurate and efficient, but results need to be verified to 
ensure code is writing. 
• Dissecting by hand allows for a ‘softer’ approach determining if an accident is included. 
Ie. If a crash occurs just outside of a segment it may be included. 
• Dissecting with MATLAB is a ‘harder’ approach. Ie. The segments are clearly defined 
and crashes are dissected accordingly. 
• Engineering judgement whilst dissecting crash data. 
Assuming there hasn’t been engineering judgement applied causing the differences, the main 
source of difference between the two analyses appear to be caused from human error. This is in 
the form of: 
• Inputting crash occurrences where they did not happen or 
• Inputting crash occurrences with the wrong crash code 
Analysing HO crashes, the revised crash reduction is 100%. This is caused from the after period 
not recording any accidents. The 2012 results recorded 1 HO crash in the after period. This 
accident was misinterpreted as a HO, when it should have been recorded as an OTHER accident 
type.  
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Table 5.3: Comparison of after treatment crashes, Original Vs Matlab 
 
To provide a higher degree of confidence to results like these requires additional crash data. The 
2016 research originally had this approach, but due to the large amount of data a more efficient 
method was needed. Using MATLAB provides efficiency and accuracy to the crash data 
dissections. 
 
   2012 Research  MATLAB Analysis 
Road 
Start  
Chainage 
(km) 
End  
Chainage 
(km) 
HO RORL OTHER TOTAL HO RORL OTHER TOTAL 
10A 102.24 108.27 0 0 0 0 0 0 0 0 
2011/12 108.27 108.93 0 0 0 0 0 0 0 0 
 112.18 117.1 0 0 0 0 0 0 0 0 
 118.5 119.33 0 0 0 0 0 0 0 0 
 119.79 120.86 0 0 0 0 0 0 0 0 
 121.43 121.69 0 0 0 0 0 0 0 0 
 122.06 124.52 0 0 0 0 0 0 0 0 
 124.99 125.32 0 0 0 0 0 0 0 0 
 127.18 128.04 0 0 0 0 0 0 0 0 
 128.52 130.27 0 0 0 0 0 0 0 0 
 130.9 135.86 0 1 0 1 0 1 0 1 
  136.24 139.38 0 0 0 0 0 0 0 0 
10B 3.05 3.63 0 0 0 0 0 0 0 0 
2011/12 3.85 5.11 0 0 0 0 0 0 0 0 
 5.45 5.76 0 0 0 0 0 0 0 0 
 6.02 6.85 0 0 0 0 0 0 0 0 
 7.3 9.09 0 0 2 2 0 0 0 0 
 9.58 10.46 0 0 0 0 0 0 0 0 
 10.58 12.1 1 0 0 1 0 0 1 1 
 12.41 12.8 0 0 0 0 0 0 0 0 
  12.8 13.17 0 0 0 0 0 0 0 0 
  Total 10A 0 1 0 1 0 1 0 1 
    Total 10B 1 0 2 3 0 0 1 1 
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5.14 Additional crash data (fatalities and hospitalisation only) 
One of the main objectives of this research was to perform a follow up study of the initial 2012 
research. This was deemed to be a necessary exercise due to the limited post-WCLT crash data 
that was available at the time of the research to give results with a high level of confidence. 
This research is taking into consideration 3.5 years of post-WCLT crash data, compared to 1 year 
for the initial research, this will allow for a more accurate calculation of the crash reduction 
percentages. 
The 2012 study reported crash reduction percentages of 75%, 59% and 59% for head-on, run-off-
road left and total crashes respectively. The follow up study, similarly taking into account only 
fatal and hospitalisation accidents indicates crash reduction percentages of  26%, 50%, 19% and 
22% for head-on, run off road left, other and total accidents respectively. These crash reduction 
percentages are significantly less than what was first anticipated. Table 5.4 summarises the results 
of this analysis compared to the previous results.  
 Crash Reduction (%) HO RORL OTHER TOTAL 
2012 (Original) 75 59 - 59 
2012 (Corrected) 77 62 - 59 
2012 (MATLAB) 100 38 80 78 
2016 (Additional Data) 26 50 19 22 
Table 5.4: Crash reduction percentage of Bruce Highway with additional crash data 
 
Looking at the reduction from the original to the new study reveals significant reduction in the 
crash reduction percentages expected for each accident type. Table 5.5 summarises the change 
between the 2012 results and the 2016 results. Table 5.4 shows a significant reduction in HO and 
TOTAL crashes, while RORL crashes has a minor reduction only. Figure 5.3 below shows a 
graphic representation of these results. 
 
 Crash Reduction (%) HO RORL OTHER TOTAL 
2012 (Original) 75 59 - 59 
2016 (Additional Data) 26 50 19 22 
Change (%) -49 -9 N/A -37 
Table 5.5: Summary of difference between original 2012 research results and 2016 results with 
additional crash data. 
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Figure 5.3: Summary of WCLT crash reduction percentages, including additional crash data. 
 
These results indicate that using 1.5 years of post-WCLT crash data in the original research has 
significantly over estimated the effectiveness of the WCLT. Head-on and total accident types 
have been significantly reduced compared to what was originally calculated. RORL accident 
types only show a minor reduction compared to the original research. This suggests that the 2012 
results are impacted by the regression-to-the-mean bias, where the following year after 
implementation, the treatment site had a lower number of accidents than average. This being the 
case the additional years of crash data has corrected for the bias producing a lower crash reduction 
percentage. 
RORL accident types have only reduced marginally compared to HO and TOTAL accidents 
types. These results appear to be realistic considering the operational characteristics of the WCLT. 
RORL types accidents typically would not have a second vehicle involved, in other words veering 
off the road to the left would present a lessor severity risk with less chance of impacting an 
oncoming vehicle. 
Head-on type accidents on the other hand are often severe due to the combined speed in the 
accident with a second vehicle. Coupled with heavy vehicles these types of accidents have a high 
tendency to turn fatal. The WCLT target accidents are the HO type accidents, this is where the 
most vulnerability is so it would be expected that there is a larger reduction in HO type accidents 
than RORL type accidents when considering the high severity types only. 
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In summary, in instances where the WCLT has not worked it would be expected veering to the 
right (HO type accidents) would results in higher likelihood of a fatal crash, crashes skewed 
towards high severity. Veering to the left (RORL type accidents) it would be expected that there 
are less high severity accidents, more minor severity accidents, or a more randomness according 
to the roadside environment. 
 
5.1.5 Additional crash data (all severity types) 
This section is looking at an analysis similar to the previous, however considers all severity types. 
The additional severity types are medical treatment and minor injury. Table 5.6 shows the crash 
reduction percentages considering all crash severities.  
 Crash Reduction (%) HO RORL OTHER TOTAL 
2012 (Original) 75 59 - 59 
2012 (Corrected) 77 62 - 59 
2012 (MATLAB) 100 38 80 78 
2016 (Additional Data) 26 50 19 22 
2016 (All Severities) 24 37 -16 29 
Table 5.6: Crash reduction percentage including additional crash data and all severities 
 
 
Figure 5.4: Summary of WCLT crash reduction percentages, including additional crash data. 
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The ‘Other’ and ‘Total’ crash types are similar to the results in section 5.3. What is interesting is 
the Head-on and RORL crash types. Both of these show a reduction of around 12%. This shows 
that the WCLT considering all crash types and crash severities performs about the same as only 
considering fatal and hospitalization severities. 
Comparing the results for Head-on and RORL shows that including minor severity types 
decreases the reduction in crash incidences. This suggests that the WCLT has a greater effect of 
reducing high severity accidents. Potentially downgrading high severity accidents to minor 
severities. 
With this in mind the comparison of results between high severity and all severities makes sense. 
Only considering high severity accidents produces a high crash reduction in head-on and RORL. 
Comparing to all severity types head-ons and RORL are reduced, indicating that the WCLT is 
more effective at targeting high severity types, but overall produces similar crash reductions. 
 
5.2 Sunshine Motorway 
The Sunshine Motorway contains two different roads. Road 150A is an east-west arterial from 
Tanawha to Mooloolaba and 150B is a north-south arterial from Mooloolaba to Peregian. Using 
the same analysis procedure outlined in chapter 4, the results for both sections (individually and 
combined) are shown in table 5.7. 
 Crash Reduction (%) HO RORL OTHER TOTAL 
150A  100 100 -54 -43 
150B  100 100 -76 48 
150A and 150B 100 100 -39 18 
Table 5.7: Crash reduction of Roads 150A and 150B 
 
An initial look at these results indicate that the short amount of post-WCLT crash data as well as 
the short lengths of WCLT have significantly impacted these results. There are large 
inconsistencies comparing each of the crash types.  
HO and RORL crash types are calculated as a 100% crash reduction, this is due to there being 
zero crashes in the after period. This is primarily caused from a lack of crash data in the after 
period, using more crash data will provide a higher degree of accuracy to the results. 
The results show OTHER crash types have supposedly been negatively impacted by the WCLT. 
On the other hand the TOTAL crash reduction is shown to be negative for 150A but positive for 
150B and, 150A and 150B combined. This is due to 150A having a short WCLT segment length 
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being analysed, compared to 150B which has a significantly more amount of WCLT being 
analysed. 
Combining 150A and 150B can be seen to have a positive effect for both OTHER and TOTAL 
crashes. These results indicate an approximate 18% TOTAL crash reduction. Further analysis 
with additional crash data is required to provide greater accuracy to the calculations. 
 
5.3 D’Aguilar Highway 
The WCLT (with overtaking permitted sections) on the D’Aguilar Highway was implemented in 
August 2015. Due to limited crash data, only fatal accidents up to April 2016 are validated and 
contained within the crash database. 
One of project aims of this research was to investigate the WCLT that had the overtaking 
treatments. Unfortunately due to a lack of crash data an effective analysis is not possible. With 
the available data an analysis was carried out looking at fatal accidents only. 
To do this the model had to be changed to reflect only fatal severities and the analysis re-run. The 
post-crash data available did not contain any crashes. As a result the crash reduction percentage 
estimated is 100%. 
It was hoped that a preliminary analysis would reveal some insight into the operation of this type 
of WCLT. Unfortunately this analysis is not accurate and will need to be followed up when more 
post-WCLT crash data is available.  
A summary of the actual crashes and estimated crashes are shown below in table 5.8, this is using 
3 years pre-WCLT (2012-2014) and less than 1 year post-WCLT (Aug 2015 – April 2016). 
 Crash Occurrence HO RORL OTHER TOTAL 
SPF Estimate (Before Period) 0.960 0.046 0.662 1.674 
SPF Estimate (After Period) 0.161 0.009 0.114 0.285 
Actual Occurrence (Before Period) 0 0 1 1 
Actual Occurrence (After Period) 0 0 0 0 
Table 5.8: D’Aguilar Highway crash occurrence summary 
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5.4 Glass House Mountains Road 
The WCLT (with overtaking permitted sections) on Glass House Mountains Road was also 
implemented in August 2015. Similar to the D’Aguilar Highway results, the results for these 
segment sites are also inconclusive. 
The crash reduction percentages for each crash type has been calculated as 100%. This is because 
the actual crash occurrence in the after period is zero. The lack of post-implementation data has 
resulted in inconclusive results, a follow up study should be undertaken once an adequate amount 
of post-WCLT crash data is available. 
A summary of the actual crashes and estimated crashes results are shown below in table 5.9, 
similar to D’Aguilar Highway this is using 3 years pre-WCLT (2012-2014) and less than 1 year 
post-WCLT (Aug 2015 – April 2016). 
  Crash Occurrence HO RORL OTHER TOTAL 
SPF Estimate (Before Period) 0.558 0.041 0.401 1.011 
SPF Estimate (After Period) 0.084 0.006 0.060 0.152 
Actual Occurrence (Before Period) 1 0 0 1 
Actual Occurrence (After Period) 0 0 0 0 
Table 5.9: D’Aguilar Highway crash occurrence summary 
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CHAPTER 6 – CONCLUSION AND FURTHER WORK 
 
6.1 Conclusion 
The last objective of this research was to formulate a table of crash modification factors able to 
be used in future options analyses. Table 6.1 shows the crash modification factors developed as a 
result of the analysis in this research. 
Crash Modification Factors 
HO RORL OTHER TOTAL 
0.75 0.5 0.2* 0.25 
Table 6.1: WCLT Crash Modification Factors 
*CMF is indicative only, this is not a target crash type 
 
These crash modification factors allow for a 25% reduction in HO and TOTAL crashes, 50% in 
RORL and an indicative 20% in OTHER accident types. 
The results of this research shows that using a significant amount of post-WCLT crash data is 
critical for a before and after study to be effective. The follow up study performed on the Bruce 
Highway sites shows that with additional years of crash data, the crash reduction percentage 
estimated is significantly reduced.  
The new research shows the WCLT effectiveness on the Bruce Highway is significantly less than 
what was first anticipated. Even though these crash reduction percentages are significantly less, 
the WCLT still offers a substantial reduction in crash occurrence.  
Also analysed in this research were the Sunshine Motorway, D’Aguilar Highway and Glass House 
Mountains Road. Each of these roads produced inconclusive results, particularly the D’Aguilar 
Highway and Glass House Mountains Road with less than one year of fatal accidents only. It was 
initially thought that these treatments had been implemented for longer. Unfortunately due to the 
limited post-WCLT crash data for the minor severity types, these roads will need to be reanalysed 
with more crash data to produce significant results. 
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6.2 Further Work 
Although this research has achieved its objectives, there is much work that can be carried out 
extending the knowledge of the WCLT effectiveness and the most efficient way that this can be 
done. 
The main areas this project furthered previous research was: 
1. Conducting a follow up study of the Bruce Highway segments, developing crash 
reduction factors 
2. Conduct preliminary investigations into the overtaking WCLT and 
3. Automating the crash analysis process, providing efficiency and accuracy. 
Further work to be done is: 
1. Conduct a follow up study of the Sunshine Motorway segments. 
2. Conduct a follow up study of the overtaking WCLT implemented on the D’Aguilar 
Highway and Glass House Mountains Road. 
3. Investigate any effect a deteriorating WCLT has on the crash reduction expected. 
4. Investigate other WCLT in Queensland. 
5. Optimise the MATLAB scripts to simplify the analysis and provide further efficiencies. 
6. Investigate including the Empirical Bayes Calculations into MATLAB 
7. Investigate an alternative to MATLAB that provides a front end user interface 
8. Research change in trends post-WCLT to determine if the WCLT is adversely affecting 
driver behaviour or driver actions. 
9. Investigate the effect roadworks has on crash occurrences. 
10. Investigate the effect road works has on traffic prior to full implementation of the WCLT. 
11. Investigate efficient ways to validate crash reports, verifying the crash data being used.  
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APPENDICES 
APPENDIX A – Project Specification 
 
University of Southern Queensland 
Faculty of Health, Engineering and Sciences 
ENG 4111/4112 Research Project 
PROJECT SPECIFICATION 
 
FOR: CHRISTOPHER CUCKSON 
TOPIC: EFFECTIVENESS OF NARROW PAINTED MEDIANS ON TWO-
WAY RURAL ROADS  
SUPERVISOR:           SOMA SOMASUNDARASWARAN 
ENROLMENT:           ENG 4111 – S1, EXT, 2016 
            ENG 4112 – S2, EXT, 2016 
PROJECT AIM: This project seeks to investigate the effectiveness of the “overtaking permitted” 
narrow painted median treatment that is installed on sections of the Queensland state road 
network. 
An initial study was undertaken in 2012 investigating the safety benefit of the continuous narrow 
painted median. This study will extend on the 2012 study and its findings by using additional 
years of crash data to confirm results, assess alternate crash types determining crash reduction 
percentages and investigate a new practice; the use of a narrow painted median treatment that 
allows overtaking. 
PROGRAMME: (Issue C, April 2016) 
1) Become familiar with the initial 2012 study and the results.  
2) Conduct a literature review into methods of analysing crash data and propose a method 
for this study. 
3) Conduct a literature review of current world practices for the use of narrow painted 
medians, factors associated with rural roads, crashes and crash types. 
4) Obtain relevant road and crash data from TMR and police databases. Analyse the crash 
data using the method proposed from dot point 2. Evaluate the results obtained using the 
additional years of crash data compared to the original results. 
5) Analyse the crash data based on alternate crash types. 
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6) Obtain relevant road and crash data and analyse the median treatment that allows 
overtaking that has been implemented on some sections of rural road. 
7) Submit an academic dissertation on the research, findings and results. 
As time permits: 
8) Analyse the data with respect to specific road or environmental factors. 
 
AGREED:    ________________ ______ (Student)       ________________ ______ (Supervisor) 
                   Date:         /         / 2016                                 Date:         /         / 2016   
Examiner/Co-examiner:    ________________ ______   
                                            Date:         /         / 2016 
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APPENDIX B – Road Segments from ARMIS 
Road 
Start 
Chainage 
End 
Chainage 
Segment Length 
(m) 
Segment Separation 
(m(to previous segment) 
10A 102.51 102.87 360  
10A 103 108.88 5,880 130 
10A 108.88 108.99 110 0 
10A 112.34 112.35 10 3350 
10A 112.47 113.32 850 120 
10A 113.43 113.685 255 110 
10A 114.095 114.66 565 410 
10A 127.47 127.48 10 12810 
10A 127.48 127.63 150 0 
10A 127.63 127.82 190 0 
10A 127.82 127.83 10 0 
10A 128.12 128.24 120 290 
10A 128.24 129.99 1,750 0 
10A 129.99 130.07 80 0 
10A 130.5 130.59 90 430 
10A 130.59 132.21 1,620 0 
10A 132.32 133.8 1,480 110 
10A 135.49 135.51 20 1690 
10A 135.51 135.59 80 0 
10A 135.83 135.94 110 240 
10A 135.94 137.94 2,000 0 
10A 139.17 139.34 170 1230 
10A 139.44 139.63 190 100 
10A 139.77 139.79 20 140 
10A 141.03 141.14 110 1240 
10A 141.23 141.29 60 90 
10A 141.42 141.45 30 130 
10A 141.52 141.66 140 70 
10A 141.79 141.86 70 130 
10A 142.01 142.17 160 150 
10A 143.49 143.53 40 1320 
10A 143.53 143.61 80 0 
10A 143.61 143.67 60 0 
10B 2.21 2.24 30  
10B 5.09 5.14 50 2850 
10B 6.83 6.88 50 1690 
10B 6.88 6.97 90 0 
10B 7.27 7.31 40 300 
10B 9.08 9.1 20 1770 
10B 9.57 9.63 60 470 
10B 10.54 10.57 30 910 
10B 10.7 10.73 30 130 
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10B 11.69 11.78 90 960 
10B 13.07 13.2 130 1290 
10B 13.46 14.02 560 260 
10B 14.195 14.389 194 175 
10B 14.488 14.53 42 99 
10B 14.53 14.69 160 0 
10B 21.53 21.62 90 6840 
10B 21.62 21.794 174 0 
10B 21.794 21.87 76 0 
10B 22.29 22.305 15 420 
10B 23.32 23.609 289 1015 
10B 23.674 23.694 20 65 
10B 23.738 23.771 33 44 
10B 26.409 26.512 103 2638 
10B 28.747 28.85 103 2235 
10B 30.623 30.638 15 1773 
10B 33.792 33.803 11 3154 
10B 36.219 36.275 56 2416 
10B 36.433 36.444 11 158 
10B 41.3 41.38 80 4856 
10B 41.38 41.396 16 0 
10B 41.917 41.943 26 521 
10B 52.084 52.421 337 10141 
10B 58.613 58.698 85 6192 
10B 58.72 58.807 87 22 
10B 58.807 58.814 7 0 
10B 58.814 58.818 4 0 
10B 58.818 58.9 82 0 
10B 59.651 59.661 10 751 
10B 59.856 59.861 5 195 
10B 59.877 59.882 5 16 
10B 60.064 60.077 13 182 
10B 60.101 60.109 8 24 
10B 60.17 60.184 14 61 
10B 60.396 60.429 33 212 
10B 60.434 60.5 66 5 
10B 60.5 60.515 15 0 
10B 62.888 62.959 71 2373 
10B 63.016 63.046 30 57 
10B 63.046 63.1 54 0 
10B 63.1 63.109 9 0 
10B 67.668 67.75 82 4559 
10B 69.88 69.913 33 2130 
10B 69.913 70.044 131 0 
10B 70.044 70.263 219 0 
10B 70.263 70.554 291 0 
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10B 70.554 70.621 67 0 
10B 73.964 74.331 367 3343 
10B 74.498 74.558 60 167 
10B 74.558 74.578 20 0 
10B 74.578 74.664 86 0 
10B 74.961 75.098 137 297 
10B 75.098 75.101 3 0 
10B 76.038 76.071 33 937 
10B 76.071 76.085 14 0 
10B 76.085 76.198 113 0 
10B 76.198 76.214 16 0 
10B 76.214 76.288 74 0 
10B 76.288 76.447 159 0 
10B 76.881 77.248 367 434 
10B 77.248 77.268 20 0 
10B 77.418 77.518 100 150 
10B 77.518 77.757 239 0 
10B 77.979 78.014 35 222 
10B 78.184 78.204 20 170 
10B 78.204 78.424 220 0 
10B 78.424 78.428 4 0 
10B 78.428 78.484 56 0 
10B 78.484 78.624 140 0 
10B 78.709 78.737 28 85 
10B 79.114 79.118 4 377 
10B 79.538 79.603 65 420 
10B 79.803 79.828 25 200 
10B 79.838 79.918 80 10 
10B 81.015 81.189 174 1097 
10B 81.189 81.27 81 0 
10B 81.34 81.413 73 70 
10B 81.576 81.639 63 163 
10B 82.609 82.752 143 970 
10B 82.792 82.999 207 40 
10B 83.158 83.239 81 159 
10B 84.306 84.587 281 1067 
10B 84.625 84.865 240 38 
10B 85.025 85.285 260 160 
150A 6.38 7.7 1,320   
150B 13.43 20.9 7,470  
150B 20.9 20.95 50 0 
150B 21.28 25.56 4,280 330 
18B 11.09 12.25 1,160  
18B 12.35 13 650 100 
18B 13.38 13.48 100 380 
18B 13.48 13.55 70 0 
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18B 14.65 14.8 150 1100 
18B 14.8 15.32 520 0 
18B 16.52 16.53 10 1200 
18B 16.53 16.59 60 0 
18B 16.59 17.65 1,060 0 
18B 18.29 18.47 180 640 
18B 21.93 21.95 20 3460 
18B 21.95 22.53 580 0 
18B 24.06 24.12 60 1530 
18B 24.24 25 760 120 
18B 25 25.02 20 0 
18B 25.02 26.13 1,110 0 
18B 26.25 26.52 270 120 
18B 26.52 26.65 130 0 
18B 27.4 28.53 1,130 750 
18B 29.02 29.1 80 490 
18B 29.43 29.55 120 330 
18B 29.625 30.84 1,215 75 
18B 31.18 32.93 1,750 340 
18B 33.28 33.42 140 350 
18B 34.02 34.44 420 600 
18B 40.947 40.993 46 6507 
18B 40.993 41.59 597 0 
18B 41.84 41.88 40 250 
18B 41.9 41.95 50 20 
18B 43.31 43.36 50 1360 
18B 43.36 43.37 10 0 
18B 43.37 43.45 80 0 
18B 44.53 44.56 30 1080 
18B 44.56 44.57 10 0 
18B 44.64 44.65 10 70 
18B 44.65 47.86 3,210 0 
18B 47.86 47.89 30 0 
18B 48.2 48.3 100 310 
18B 48.3 48.31 10 0 
18B 48.42 48.43 10 110 
18B 48.43 48.76 330 0 
18B 48.76 48.77 10 0 
18B 48.84 49 160 70 
18B 49 49.05 50 0 
18B 49.05 49.08 30 0 
18B 50.96 51.01 50 1880 
18B 51.01 51.05 40 0 
18B 51.05 51.76 710 0 
18B 51.76 51.77 10 0 
18B 51.87 51.88 10 100 
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18B 51.88 52.73 850 0 
18B 52.87 53.65 780 140 
18B 53.75 53.76 10 100 
18B 53.76 54.43 670 0 
18B 54.51 56.2 1,690 80 
18B 56.22 56.25 30 20 
18B 56.47 56.7 230 220 
18B 56.7 56.72 20 0 
18B 56.8 56.82 20 80 
18B 56.82 57.5 680 0 
18B 57.62 59.92 2,300 120 
18B 60.22 60.29 70 300 
18B 60.29 61.21 920 0 
18B 61.21 61.22 10 0 
18B 62.85 63.47 620 1630 
18B 64.91 66.75 1,840 1440 
18B 66.75 66.77 20 0 
18B 66.9 67.56 660 130 
18B 67.56 67.59 30 0 
18B 67.59 67.62 30 0 
18B 67.62 67.66 40 0 
18B 67.66 69.28 1,620 0 
18B 69.53 69.91 380 250 
18B 70.04 72.59 2,550 130 
18B 72.73 73.2 470 140 
18B 73.3 73.57 270 100 
18B 73.57 73.59 20 0 
18B 73.77 74.51 740 180 
18B 74.51 74.52 10 0 
18B 74.63 74.65 20 110 
18B 74.65 75.54 890 0 
18B 75.54 75.55 10 0 
18B 75.55 75.57 20 0 
18B 75.65 75.68 30 80 
18B 75.68 75.69 10 0 
18B 75.69 80.33 4,640 0 
18B 80.33 80.355 25 0 
18B 80.427 80.456 29 72 
18B 81.09 81.95 860 634 
18B 81.95 82.15 200 0 
18B 82.15 82.35 200 0 
22B 6.25 6.29 40  
22B 8.16 8.31 150 1870 
22B 9.65 10.93 1,280 1340 
22B 11.11 14.11 3,000 180 
22B 14.11 14.17 60 0 
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22B 14.73 15.062 332 560 
22B 15.062 16.1 1,038 0 
22B 16.1 16.27 170 0 
22B 16.27 16.49 220 0 
22B 16.605 16.615 10 115 
22B 16.615 16.64 25 0 
22B 16.64 17.01 370 0 
22B 17.07 17.95 880 60 
22B 18.65 18.72 70 700 
22B 19.99 20.04 50 1270 
22B 20.92 21.98 1,060 880 
22B 23 23.26 260 1020 
22B 23.26 23.32 60 0 
22B 23.32 23.42 100 0 
22B 24.39 25.92 1,530 970 
22B 25.97 26.19 220 50 
22B 26.28 26.55 270 90 
22B 26.77 26.84 70 220 
22B 27.05 27.48 430 210 
22B 27.48 29.36 1,880 0 
22B 29.36 29.42 60 0 
22B 29.52 29.73 210 100 
22B 29.84 31.46 1,620 110 
22B 31.62 31.74 120 160 
22B 31.74 34.18 2,440 0 
22B 34.18 34.34 160 0 
40A 0.89 0.909 19  
40A 2.79 2.92 130 1881 
40A 3.32 3.75 430 400 
40A 8.5 8.52 20 4750 
40A 8.82 9.39 570 300 
40A 10.2 10.24 40 810 
40A 10.5 10.56 60 260 
40A 10.7 10.84 140 140 
40A 12.36 12.4 40 1520 
40A 12.78 12.82 40 380 
40A 16.44 16.46 20 3620 
40A 16.46 16.536 76 0 
40A 16.625 16.626 1 89 
40A 16.647 16.69 43 21 
40A 17.493 17.57 77 803 
40A 17.609 17.723 114 39 
40A 21.8 21.84 40 4077 
40A 22.11 22.18 70 270 
40A 24.26 24.28 20 2080 
40A 24.42 24.46 40 140 
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40A 26.12 26.27 150 1660 
40A 26.32 26.4 80 50 
40A 26.4 26.73 330 0 
40A 26.76 27.54 780 30 
40A 27.58 27.65 70 40 
40A 27.72 28.28 560 70 
40A 28.36 28.65 290 80 
40A 28.74 28.78 40 90 
40A 28.78 28.85 70 0 
40A 28.9 29.12 220 50 
40A 29.15 29.19 40 30 
40A 29.19 29.83 640 0 
40A 29.91 30.61 700 80 
40A 30.61 30.65 40 0 
40A 34.19 34.24 50 3540 
40A 34.28 34.345 65 40 
40A 38.135 38.17 35 3790 
40A 38.17 38.6 430 0 
40A 38.72 38.88 160 120 
40A 38.91 38.98 70 30 
40A 39.27 39.42 150 290 
40A 39.8 39.805 5 380 
40A 41.5 41.56 60 1695 
40A 41.56 41.59 30 0 
40A 41.62 41.65 30 30 
40A 42.58 45.36 2,780 930 
40A 45.43 45.56 130 70 
40A 45.6 45.86 260 40 
40A 45.94 46.4 460 80 
40A 47.52 47.56 40 1120 
40A 47.88 48.12 240 320 
40A 48.32 48.39 70 200 
40A 48.65 49.14 490 260 
40A 49.22 49.79 570 80 
40A 50.27 50.53 260 480 
42A 5.562 6.02 458  
42A 6.26 6.794 534 240 
42A 6.818 7.63 812 24 
42A 8.51 8.52 10 880 
42A 8.52 8.96 440 0 
42A 9.06 10.58 1,520 100 
42A 10.64 10.69 50 60 
42A 10.74 11.1 360 50 
42A 11.21 11.36 150 110 
42A 11.49 11.73 240 130 
42A 12.09 12.15 60 360 
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42A 12.15 12.23 80 0 
42A 12.23 12.64 410 0 
42A 12.64 13.28 640 0 
42A 13.6 14.45 850 320 
42A 15.48 15.82 340 1030 
42A 16.33 16.41 80 510 
42A 16.64 17.039 399 230 
42A 17.827 17.865 38 788 
42A 18.152 18.35 198 287 
42A 18.35 18.77 420 0 
42A 19.09 19.23 140 320 
42A 19.23 19.27 40 0 
42A 19.27 19.88 610 0 
42A 20.11 20.18 70 230 
42A 20.18 20.38 200 0 
42A 20.47 21.44 970 90 
42A 21.65 21.93 280 210 
42A 21.93 21.97 40 0 
42A 21.97 22.24 270 0 
42A 24.69 25.007 317 2450 
42A 25.15 29.47 4,320 143 
42A 29.65 32.55 2,900 180 
42A 32.91 33.55 640 360 
42A 33.62 37.58 3,960 70 
42A 38.03 43.41 5,380 450 
42A 43.55 43.64 90 140 
42A 43.74 43.86 120 100 
42A 44.18 45.72 1,540 320 
42A 45.82 45.97 150 100 
42A 45.98 49.1 3,120 10 
42A 49.1 49.36 260 0 
42A 49.36 50.32 960 0 
42A 50.32 53.84 3,520 0 
42A 53.9 53.92 20 60 
42A 55.1 57.25 2,150 1180 
42A 57.32 57.38 60 70 
42A 58.29 58.35 60 910 
42A 58.35 60 1,650 0 
42A 60 60.05 50 0 
42A 60.05 60.86 810 0 
42A 60.86 63.37 2,510 0 
42A 63.37 63.67 300 0 
42A 63.67 65.3 1,630 0 
42A 65.3 65.9 600 0 
42A 65.9 66.57 670 0 
42A 66.57 68.97 2,400 0 
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42A 68.97 69.13 160 0 
42A 69.13 69.14 10 0 
42A 70.03 70.49 460 890 
42A 70.62 70.655 35 130 
42A 70.655 70.92 265 0 
42A 70.97 71.17 200 50 
42A 75.45 75.48 30 4280 
42A 75.59 75.66 70 110 
42A 77.72 78.02 300 2060 
42A 85.71 85.98 270 7690 
42A 86.45 87.63 1,180 470 
42A 87.686 89.36 1,674 56 
42A 89.36 89.42 60 0 
490 0.215 0.46 245  
490 6.17 6.18 10 5710 
490 6.32 6.36 40 140 
490 6.387 6.42 33 27 
490 12.4 12.41 10 5980 
490 12.54 12.97 430 130 
490 13.98 14 20 1010 
490 14.1 14.15 50 100 
490 17.12 17.16 40 2970 
490 17.28 17.32 40 120 
490 20.46 20.55 90 3140 
490 21.945 22.05 105 1395 
490 22.16 22.225 65 110 
 
  
The Effectiveness of the Wide Centreline Treatment 
  
93 
 
APPENDIX C – Crash Data (extract only) 
ROAD YEAR MONTH SEVERITY TDIST DCA FATALITY HOSPITALISED 
MEDICALLY 
TREATED 
MINOR 
INJURY TOTAL 
10A 2006 January Medical treatment 75.26 702 0 0 3 0 3 
10A 2006 May Hospitalisation 116.45 703 0 1 0 0 1 
150B 2010 February Medical treatment 20.91 703 0 0 1 0 1 
10A 2012 January Hospitalisation 60.238 703 0 1 0 0 1 
18B 2012 October Medical treatment 54.66 705 0 0 1 0 1 
10A 2012 September Hospitalisation 98.841 700 0 1 0 0 1 
18B 2012 June Hospitalisation 17.35 301 0 2 0 0 2 
42A 2013 October Minor injury 2.238 703 0 0 0 1 1 
490 2013 April Minor injury 13.606 803 0 0 0 1 1 
150B 2006 October Hospitalisation 5.9 609 0 1 0 0 1 
10A 2007 July Hospitalisation 82.93 607 0 1 0 0 1 
10A 2007 October Minor injury 17 608 0 0 0 1 1 
42A 2008 December Hospitalisation 80.98 802 0 3 0 0 3 
10A 2008 August Hospitalisation 106.45 805 0 1 0 0 1 
10A 2006 January Medical treatment 21.42 301 0 0 1 0 1 
10B 2006 January Medical treatment 5.84 703 0 0 2 0 2 
490 2006 January Hospitalisation 15.97 202 0 1 0 0 1 
10A 2006 January Medical treatment 40.57 704 0 0 1 0 1 
42A 2006 January Medical treatment 79.95 702 0 0 1 0 1 
22B 2006 January Hospitalisation 34.45 803 0 3 0 0 3 
10A 2006 January Hospitalisation 145.41 301 0 1 0 0 1 
42A 2006 January Medical treatment 15.13 408 0 0 1 1 2 
10A 2006 January Hospitalisation 82.93 704 0 1 0 0 1 
10A 2006 January Fatal 35.86 704 1 0 0 0 1 
18B 2006 January Minor injury 13.17 303 0 0 0 1 1 
10A 2006 January Hospitalisation 59.8 301 0 1 0 0 1 
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APPENDIX D – Treatment Sites and Segment Details 
 
10A 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 102.51 102.87 0.36 
2 103 108.99 5.99 
3 112.47 113.32 0.85 
4 113.43 113.685 0.255 
5 114.095 114.66 0.565 
6 127.47 127.83 0.36 
7 128.12 130.07 1.95 
8 130.5 132.21 1.71 
9 132.32 133.8 1.48 
10 135.83 137.94 2.11 
 
10B 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 3.09 3.67 0.58 
2 3.85 5.13 1.28 
3 5.44 5.77 0.33 
4 6.01 6.88 0.87 
5 7.25 9.12 1.87 
6 9.59 10.44 0.85 
7 10.63 12.12 1.49 
8 12.41 12.78 0.37 
 
150A 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 6.45 7.7 1.25 
 
 
150B 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 21.29 25.51 4.22 
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40A 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 0.99 2.04 1.05 
2 4.4 7.12 2.72 
3 7.6 8.5 0.9 
4 16.7 17.5 0.8 
5 17.72 19.14 1.42 
6 19.29 19.62 0.33 
7 19.75 21.74 1.99 
8 23.15 23.76 0.61 
9 30.65 34.2 3.55 
10 34.36 38.12 3.76 
11 39.46 39.61 0.15 
12 39.87 41.49 1.62 
13 41.67 42.58 0.91 
 
 
490 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 0.46 4.25 3.79 
2 4.75 5.5 0.75 
3 5.9 6.07 0.17 
4 6.42 6.93 0.51 
5 21.09 21.95 0.86 
6 22.32 26.32 4 
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APPENDIX E – Control Sites and Segment Details 
 
10A 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 102.51 102.87 0.36 
2 103 108.99 5.99 
3 112.47 113.32 0.85 
4 113.43 113.685 0.255 
5 114.095 114.66 0.565 
6 127.47 127.83 0.36 
7 128.12 130.07 1.95 
8 130.5 132.21 1.71 
9 132.32 133.8 1.48 
10 135.83 137.94 2.11 
 
10B 
Section Start Chainage (km) End Chainage (km) Length (km) 
11 3.09 3.67 0.58 
12 3.85 5.13 1.28 
13 5.44 5.77 0.33 
14 6.01 6.88 0.87 
15 7.25 9.12 1.87 
16 9.59 10.44 0.85 
17 10.63 12.12 1.49 
18 12.41 12.78 0.37 
19 13.59 16.53 2.94 
20 17.35 27.05 9.7 
21 29.4 30.3 0.9 
22 32.45 32.93 0.48 
23 33.26 33.55 0.29 
24 34 36.3 2.3 
25 36.92 46.4 9.48 
26 46.95 59.3 12.35 
 
150A 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 6.45 7.7 1.25 
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150B 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 13.36 20.88 7.52 
2 21.29 25.51 4.22 
 
18B 
Section Start Chainage (km) End Chainage (km) Length (km) 
3 11.09 12.25 1.16 
4 12.35 13 0.65 
5 14.65 15.32 0.67 
6 16.52 17.65 1.13 
7 21.93 22.53 0.6 
8 24.24 26.13 1.89 
9 26.25 26.65 0.4 
10 27.4 28.53 1.13 
11 29.625 30.84 1.215 
12 31.18 32.93 1.75 
13 34.02 34.44 0.42 
14 40.947 41.59 0.643 
15 44.64 47.89 3.25 
16 48.42 48.77 0.35 
17 48.84 49.08 0.24 
18 50.96 51.77 0.81 
19 51.87 52.73 0.86 
20 52.87 53.65 0.78 
21 53.75 54.43 0.68 
22 54.51 56.2 1.69 
23 56.47 56.72 0.25 
24 56.8 57.5 0.7 
25 57.62 59.92 2.3 
26 60.22 61.22 1 
27 62.85 63.47 0.62 
28 64.91 66.77 1.86 
29 66.9 69.28 2.38 
30 69.53 69.91 0.38 
31 70.04 72.59 2.55 
32 72.73 73.2 0.47 
33 73.3 73.59 0.29 
34 73.77 74.52 0.75 
35 74.63 75.57 0.94 
36 75.65 80.355 4.705 
37 81.09 82.35 1.26 
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22B 
Section Start Chainage (km) End Chainage (km) Length (km) 
38 9.65 10.93 1.28 
39 11.11 14.17 3.06 
40 14.73 16.49 1.76 
41 16.605 17.01 0.405 
42 17.07 17.95 0.88 
43 20.92 21.98 1.06 
44 23 23.42 0.42 
45 24.39 25.92 1.53 
46 25.97 26.19 0.22 
47 26.28 26.55 0.27 
48 27.05 29.42 2.37 
49 29.52 29.73 0.21 
50 29.84 31.46 1.62 
51 31.62 34.34 2.72 
 
40A 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 0.99 2.04 1.05 
2 4.4 7.12 2.72 
3 7.6 8.5 0.9 
4 16.7 17.5 0.8 
5 17.72 19.14 1.42 
6 19.29 19.62 0.33 
7 19.75 21.74 1.99 
8 23.15 23.76 0.61 
9 30.65 34.2 3.55 
10 34.36 38.12 3.76 
11 39.46 39.61 0.15 
12 39.87 41.49 1.62 
13 41.67 42.58 0.91 
 
490 
Section Start Chainage (km) End Chainage (km) Length (km) 
1 0.46 4.25 3.79 
2 4.75 5.5 0.75 
3 5.9 6.07 0.17 
4 6.42 6.93 0.51 
5 21.09 21.95 0.86 
6 22.32 26.32 4 
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APPENDIX F – MATLAB code 
% All code is property of Chris Cuckson and shall not be reproduced 
% without due acknowledgement 
% Date: 09/10/2016 
% Version: 3 
  
%% Initial Step - Import Crash Data 
  
% Import Crash Data CSV 
% Do this by opening from MATLAB Directory 
% Once imported, check all rows have been imported- 
% otherwise a NaN value has stopped the function 
% If NaN is present, remedy in Crash.csv file and re-import 
  
%% Crash Data Manipulation 
  
% Separate crash data into singular arrays 
Number=textdata(:,1); 
Road=textdata(:,2); 
Year=textdata(:,3); 
Month=textdata(:,4); 
Severity=textdata(:,5); 
Tdist=textdata(:,6); 
Speed=textdata(:,7); 
Dca=data(:,1); 
Fatality=data(:,2); 
Hospitalised=data(:,3); 
Medical=data(:,4); 
Minor=data(:,5); 
Total=data(:,6); 
Drink=data(:,7); 
  
% Convert Year from cell to double type 
for i = 1:length(Year) 
   YearA(i) = str2num(cell2mat(Year(i)));  
end 
Year=YearA; 
clear YearA 
  
% Convert Tdist from string to number type 
Tdist=str2double(Tdist); 
  
% Clear original crash Data that was imported 
clear data textdata 
  
'Crash Data Manipulation Complete' 
  
%% Control Group Before Period - Define Variables 
  
% Define DCA codes 
HO=[201;702;704]; %Head-on and RORR DCA's 
RORL=[701;703]; %RORL DCA's 
OTHER=[001;002;003;4;005;006;007;008;009;100;101;102;103;104;105;... 
    
106;107;108;109;200;202;203;204;205;206;207;300;301;302;303;304;... 
    
305;306;307;308;309;310;400;401;402;403;404;405;406;407;408;500;... 
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501;502;503;504;505;506;600;601;602;603;604;605;606;607;608;609;... 
    
610;700;705;706;707;708;800;801;802;803;804;805;806;807;808;900;... 
    901;902;903;904;905;906;907]; %OTHER DCA's 
  
% Roads being analysed 
Roads={'10A';'10B';'18B';'22B';'40A';'42A';'150A';'150B'}; %Set Roads 
to search 
% Years being analysed 
Years=[2006;2007;2008;2009;2010;2011]; %Set Years to search 
  
%Input Data - Segments array to match imported segment data, matching 
Roads/Years 
Segments={'Seg10A2006','Seg10A2007','Seg10A2008','Seg10A2009','Seg10A2
010','Seg10A2011';... 
    
'Seg10B2006','Seg10B2007','Seg10B2008','Seg10B2009','Seg10B2010','Seg1
0B2011';... 
    
'Seg18B2006','Seg18B2007','Seg18B2008','Seg18B2009','Seg18B2010','Seg1
8B2011';... 
    
'Seg22B2006','Seg22B2007','Seg22B2008','Seg22B2009','Seg22B2010','Seg2
2B2011';... 
    
'Seg40A2006','Seg40A2007','Seg40A2008','Seg40A2009','Seg40A2010','Seg4
0A2011';... 
    
'Seg42A2006','Seg42A2007','Seg42A2008','Seg42A2009','Seg42A2010','Seg4
2A2011';... 
    
'Seg150A2006','Seg150A2007','Seg150A2008','Seg150A2009','Seg150A2010',
'Seg150A2011';... 
    
'Seg150B2006','Seg150B2007','Seg150B2008','Seg150B2009','Seg150B2010',
'Seg150B2011'}; 
  
%Output Data - CSV file names, match to Road/Year permutations 
Output={'Out_10A_2006.csv','Out_10A_2007.csv','Out_10A_2008.csv','Out_
10A_2009.csv','Out_10A_2010.csv','Out_10A_2011.csv';... 
    
'Out_10B_2006.csv','Out_10B_2007.csv','Out_10B_2008.csv','Out_10B_2009
.csv','Out_10B_2010.csv','Out_10B_2011.csv';... 
    
'Out_18B_2006.csv','Out_18B_2007.csv','Out_18B_2008.csv','Out_18B_2009
.csv','Out_18B_2010.csv','Out_18B_2011.csv';... 
    
'Out_22B_2006.csv','Out_22B_2007.csv','Out_22B_2008.csv','Out_22B_2009
.csv','Out_22B_2010.csv','Out_22B_2011.csv';... 
    
'Out_40A_2006.csv','Out_40A_2007.csv','Out_40A_2008.csv','Out_40A_2009
.csv','Out_40A_2010.csv','Out_40A_2011.csv';... 
    
'Out_42A_2006.csv','Out_42A_2007.csv','Out_42A_2008.csv','Out_42A_2009
.csv','Out_42A_2010.csv','Out_42A_2011.csv';... 
    
'Out_150A_2006.csv','Out_150A_2007.csv','Out_150A_2008.csv','Out_150A_
2009.csv','Out_150A_2010.csv','Out_150A_2011.csv';... 
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'Out_150B_2006.csv','Out_150B_2007.csv','Out_150B_2008.csv','Out_150B_
2009.csv','Out_150B_2010.csv','Out_150B_2011.csv'}; 
  
% Months to apply for a full year 
MonthsFull={'January';'February';'March';'April';... 
    'May';'June';'July';'August';'September';... 
    'October';'November';'December'}; 
% Months to apply for a partial year, ie. when treatment was 
implemented 
MonthsPartial={'January';'February';'March';'April';... 
    'May';'NJune';'NJuly';'NAugust';'NSeptember';... 
    'NOctober';'NNovember';'NDecember'}; 
  
% Array to equal number of years being analysed 
Months=[MonthsFull,MonthsFull,MonthsFull,MonthsFull,MonthsFull,MonthsP
artial]; 
[s t]= size(Months); 
  
'Control Group Before Period - Define Variables Complete' 
  
%% Control Group Before Period - Import Segment Data 
  
% This section reads in the CSV files 
% CSV files must be in current directory 
% This is for the control sites before period 
  
% 10A 
Seg10A2006=xlsread('Seg10A2006.csv'); 
Seg10A2007=xlsread('Seg10A2007.csv'); 
Seg10A2008=xlsread('Seg10A2008.csv'); 
Seg10A2009=xlsread('Seg10A2009.csv'); 
Seg10A2010=xlsread('Seg10A2010.csv'); 
Seg10A2011=xlsread('Seg10A2011.csv'); 
  
% 10B 
Seg10B2006=xlsread('Seg10B2006.csv'); 
Seg10B2007=xlsread('Seg10B2007.csv'); 
Seg10B2008=xlsread('Seg10B2008.csv'); 
Seg10B2009=xlsread('Seg10B2009.csv'); 
Seg10B2010=xlsread('Seg10B2010.csv'); 
Seg10B2011=xlsread('Seg10B2011.csv'); 
  
% 18B 
Seg18B2006=xlsread('Seg18B2006.csv'); 
Seg18B2007=xlsread('Seg18B2007.csv'); 
Seg18B2008=xlsread('Seg18B2008.csv'); 
Seg18B2009=xlsread('Seg18B2009.csv'); 
Seg18B2010=xlsread('Seg18B2010.csv'); 
Seg18B2011=xlsread('Seg18B2011.csv'); 
  
% 22B 
Seg22B2006=xlsread('Seg22B2006.csv'); 
Seg22B2007=xlsread('Seg22B2007.csv'); 
Seg22B2008=xlsread('Seg22B2008.csv'); 
Seg22B2009=xlsread('Seg22B2009.csv'); 
Seg22B2010=xlsread('Seg22B2010.csv'); 
Seg22B2011=xlsread('Seg22B2011.csv'); 
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% 40A 
Seg40A2006=xlsread('Seg40A2006.csv'); 
Seg40A2007=xlsread('Seg40A2007.csv'); 
Seg40A2008=xlsread('Seg40A2008.csv'); 
Seg40A2009=xlsread('Seg40A2009.csv'); 
Seg40A2010=xlsread('Seg40A2010.csv'); 
Seg40A2011=xlsread('Seg40A2011.csv'); 
  
% 42A 
Seg42A2006=xlsread('Seg42A2006.csv'); 
Seg42A2007=xlsread('Seg42A2007.csv'); 
Seg42A2008=xlsread('Seg42A2008.csv'); 
Seg42A2009=xlsread('Seg42A2009.csv'); 
Seg42A2010=xlsread('Seg42A2010.csv'); 
Seg42A2011=xlsread('Seg42A2011.csv'); 
  
% 150A 
Seg150A2006=xlsread('Seg150A2006.csv'); 
Seg150A2007=xlsread('Seg150A2007.csv'); 
Seg150A2008=xlsread('Seg150A2008.csv'); 
Seg150A2009=xlsread('Seg150A2009.csv'); 
Seg150A2010=xlsread('Seg150A2010.csv'); 
Seg150A2011=xlsread('Seg150A2011.csv'); 
  
% 150B 
Seg150B2006=xlsread('Seg150B2006.csv'); 
Seg150B2007=xlsread('Seg150B2007.csv'); 
Seg150B2008=xlsread('Seg150B2008.csv'); 
Seg150B2009=xlsread('Seg150B2009.csv'); 
Seg150B2010=xlsread('Seg150B2010.csv'); 
Seg150B2011=xlsread('Seg150B2011.csv'); 
  
'Control Group Before Period - Import Segment Data Complete' 
  
%% Control Group Before Period - Main Loop 
  
counter=1; 
clear D 
for i=1:length(Roads); % Number of Roads 
    for j=1:length(Years); % Number of Years % This cycle each 
road/year combo 
            clear A AB ABC %C 
            A=Segments{i,j}; 
            A=eval(A); 
            [m n]= size(A); %Calculate number of rows for A for loop 
            AB=zeros(m,4); 
            ABC=zeros(m,10); 
            ABC(:,1)=A(:,1); 
            ABC(:,2)=A(:,2); 
            ABC(:,3)=A(:,3); 
            ABC(:,4)=A(:,4); 
            ABC(:,5)=A(:,5); 
            ABC(:,6)=A(:,6); 
            ABC(:,7)=AB(:,1); 
            ABC(:,8)=AB(:,2); 
            ABC(:,9)=AB(:,3); 
            ABC(:,10)=AB(:,4);         
         
        for k=1:length(Road); % Number of lines of crash data % This 
cycles each 
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            if strcmp(Roads(i),Road(k)) % Search Road Number 
                if Years(j)==Year(k)%strcmp(Years(j),Year(k)) % Search 
Year Number 
                    for l=1:12 
                        if strcmp(Month(k),Months(l,j)) % Search 
Months 
                            for o=1:m % Loop for number of rows in 
segment array 
                                for p=1:length(HO) % Search for Dca HO 
specified 
                                    if 
Dca(k)==HO(p)%strcmp(Dca(k),HO(p)) 
                                        if Tdist(k)>=ABC(o,2) 
                                            if Tdist(k)<=ABC(o,3) % 
Search for crash is in a segment 
                                                if 
Fatality(k)+Hospitalised(k)>0 
                                                AB(o,1)=AB(o,1)+1; 
                                                end 
                                            end 
                                        end 
                                    end 
                               end  
                               for p=1:length(RORL) % Search for Dca 
RORL specified 
                                    if 
Dca(k)==RORL(p)%strcmp(Dca(k),RORL(p)) 
                                        if Tdist(k)>=ABC(o,2) 
                                            if Tdist(k)<=ABC(o,3) % 
Search for crash is in a segment 
                                                if 
Fatality(k)+Hospitalised(k)>0 
                                                AB(o,2)=AB(o,2)+1; 
                                                end 
                                            end 
                                        end 
                                    end 
                               end  
                               for p=1:length(OTHER) % Search for Dca 
OTHER specified 
                                    if 
Dca(k)==OTHER(p)%strcmp(Dca(k),OTHER(p))  
                                        if Tdist(k)>=ABC(o,2) 
                                            if Tdist(k)<=ABC(o,3) % 
Search for crash is in a segment 
                                                if 
Fatality(k)+Hospitalised(k)>0 
                                                AB(o,3)=AB(o,3)+1; 
                                                end 
                                            end 
                                        end 
                                    end 
                               end 
                               %% 
                            end 
                        end% 
                    end% 
                end 
            end 
        end 
        ABC(:,7)=AB(:,1); 
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        ABC(:,8)=AB(:,2); 
        ABC(:,9)=AB(:,3); 
        ABC(:,10)=AB(:,1)+AB(:,2)+AB(:,3); 
        xlswrite(Output{i,j},ABC); 
        D(counter:counter+m-1,1:10)=ABC; 
        counter=counter+m; 
    end 
end 
  
% Write csv file for input into SPSS 
xlswrite('SPSS_Input.csv',D); 
  
'Control Group Before Period - Main Loop Complete' 
  
%% Treatment Site  After Period - Import Segments 
  
% Roads being analysed 
Roads={'10A';'10B'}; %Set Roads to search 
% Years being analysed 
Years=[2011;2012;2013;2014]; %Set Years to search 
  
%Input Data - Segments array to match imported segment data, matching 
Roads/Years 
Segments={'Seg10A2011A','Seg10A2012A','Seg10A2013A','Seg10A2014A';... 
    'Seg10B2011A','Seg10B2012A','Seg10B2013A','Seg10B2014A'}; 
  
%Output Data - CSV file names, match to Road/Year permutations 
Output={'Out_10A_2011A.csv','Out_10A_2012A.csv','Out_10A_2013A.csv','O
ut_10A_2014A.csv';... 
    
'Out_10B_2011A.csv','Out_10B_2012A.csv','Out_10B_2013A.csv','Out_10B_2
014A.csv'}; 
  
% Months to apply for a full year 
MonthsFull={'January';'February';'March';'April';... 
    'May';'June';'July';'August';'September';... 
    'October';'November';'December'}; 
% Months to apply for a partial year, ie. when treatment was 
implemented 
MonthsPartial={'NJanuary';'NFebruary';'NMarch';'NApril';... 
    'NMay';'June';'July';'August';'September';... 
    'October';'November';'December'}; 
  
% Array to equal number of years being analysed 
Months=[MonthsPartial,MonthsFull,MonthsFull,MonthsFull]; 
[s t]= size(Months); 
  
%10A 
Seg10A2011A=xlsread('Seg10A2011A.csv'); 
Seg10A2012A=xlsread('Seg10A2012A.csv'); 
Seg10A2013A=xlsread('Seg10A2013A.csv'); 
Seg10A2014A=xlsread('Seg10A2014A.csv'); 
  
% 10B 
Seg10B2011A=xlsread('Seg10B2011A.csv'); 
Seg10B2012A=xlsread('Seg10B2012A.csv'); 
Seg10B2013A=xlsread('Seg10B2013A.csv'); 
Seg10B2014A=xlsread('Seg10B2014A.csv'); 
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'Treatment Site  After Period - Import Segments Complete' 
  
%% Treatment Site After Period - Main Loop 
  
counter=1; 
clear D 
for i=1:length(Roads); % Number of Roads 
    for j=1:length(Years); % Number of Years % This cycle each 
road/year combo 
            clear A AB ABC %C 
            A=Segments{i,j}; 
            A=eval(A); 
            [m n]= size(A); %Calculate number of rows for A for loop 
            AB=zeros(m,4); 
            ABC=zeros(m,10); 
            ABC(:,1)=A(:,1); 
            ABC(:,2)=A(:,2); 
            ABC(:,3)=A(:,3); 
            ABC(:,4)=A(:,4); 
            ABC(:,5)=A(:,5); 
            ABC(:,6)=A(:,6); 
            ABC(:,7)=AB(:,1); 
            ABC(:,8)=AB(:,2); 
            ABC(:,9)=AB(:,3); 
            ABC(:,10)=AB(:,4);         
         
        for k=1:length(Road); % Number of lines of crash data % This 
cycles each 
            if strcmp(Roads(i),Road(k)) % Search Road Number 
                if Years(j)==Year(k)%strcmp(Years(j),Year(k)) % Search 
Year Number 
                    for l=1:12 
                        if strcmp(Month(k),Months(l,j)) % Search 
Months 
                            for o=1:m % Loop for number of rows in 
segment array 
                               %% 
                                for p=1:length(HO) % Search for Dca HO 
specified 
                                    if 
Dca(k)==HO(p)%strcmp(Dca(k),HO(p)) 
                                        if Tdist(k)>=ABC(o,2) 
                                            if Tdist(k)<=ABC(o,3) % 
Search for crash is in a segment 
                                                if 
Fatality(k)+Hospitalised(k)>0 
                                                AB(o,1)=AB(o,1)+1; 
                                                end 
                                            end 
                                        end 
                                    end 
                               end  
                               for p=1:length(RORL) % Search for Dca 
RORL specified 
                                    if 
Dca(k)==RORL(p)%strcmp(Dca(k),RORL(p)) 
                                        if Tdist(k)>=ABC(o,2) 
                                            if Tdist(k)<=ABC(o,3) % 
Search for crash is in a segment 
                                                if 
Fatality(k)+Hospitalised(k)>0 
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                                                AB(o,2)=AB(o,2)+1; 
                                                end 
                                            end 
                                        end 
                                    end 
                               end  
                               for p=1:length(OTHER) % Search for Dca 
OTHER specified 
                                    if 
Dca(k)==OTHER(p)%strcmp(Dca(k),OTHER(p))  
                                        if Tdist(k)>=ABC(o,2) 
                                            if Tdist(k)<=ABC(o,3) % 
Search for crash is in a segment 
                                                if 
Fatality(k)+Hospitalised(k)>0 
                                                AB(o,3)=AB(o,3)+1; 
                                                end 
                                            end 
                                        end 
                                    end 
                               end 
                               %% 
                            end 
                        end% 
                    end% 
                end 
            end 
        end 
        ABC(:,7)=AB(:,1); 
        ABC(:,8)=AB(:,2); 
        ABC(:,9)=AB(:,3); 
        ABC(:,10)=AB(:,1)+AB(:,2)+AB(:,3); 
        xlswrite(Output{i,j},ABC); 
        D(counter:counter+m-1,1:10)=ABC; 
        counter=counter+m; 
    end 
end 
  
% Write csv file for input into SPSS 
xlswrite('Treatment Sites.csv',D); 
  
'Treatment Site After Period - Main Loop Complete' 
  
%% END 
% Output generated for SPSS - Control Groups - Before Period 
% Output generated for Empirical Bayes Analysis - Treatment Site - 
After 
% Period 
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APPENDIX G – SPSS Analysis 
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Model Information 
Dependent Variable TOTAL 
Probability Distribution Negative binomial (MLE) 
Link Function Log 
 
 
Case Processing Summary 
 N Percent 
Included 503 100.0% 
Excluded 0 0.0% 
Total 503 100.0% 
 
Continuous Variable Information 
 N Minimum Maximum Mean Std. Deviation 
Dependent Variable TOTAL 503 0 5 .28 .690 
Covariate AADT 503 2329 32286 7245.59 4481.355 
Length 503 .15 20.25 2.0299 2.98590 
 
Goodness of Fita 
 Value df Value/df 
Deviance 292.047 499 .585 
Scaled Deviance 319.597 499  
Pearson Chi-Square 455.986 499 .914 
Scaled Pearson Chi-Square 499.000 499  
Log Likelihoodb,c -290.426   
Adjusted Log Likelihoodd -317.822   
Akaike's Information Criterion 
(AIC) 588.852 
  
Finite Sample Corrected AIC 
(AICC) 588.932 
  
Bayesian Information Criterion 
(BIC) 605.734 
  
Consistent AIC (CAIC) 609.734   
 
Omnibus Testa 
Likelihood Ratio 
Chi-Square df Sig. 
91.715 2 .000 
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Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
(Intercept) 172.223 1 .000 
AADT 29.425 1 .000 
Length 111.131 1 .000 
 
Parameter Estimates 
Parameter B Std. Error 
95% Wald Confidence Interval Hypothesis Test 
Lower Upper Wald Chi-Square df Sig. 
(Intercept) -2.675 .2039 -3.075 -2.276 172.223 1 .000 
AADT 8.858E-5 1.6329E-5 5.657E-5 .000 29.425 1 .000 
Length .202 .0192 .165 .240 111.131 1 .000 
(Scale) .914a       
(Negative binomial) .753 .2575 .385 1.472    
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APPENDIX H – SPSS Outputs from GENLIN Model 
This appendix shows the SPSS outputs that were generated for the Bruce Highway analysis, 
including additional years of crash data and fatal and hospitalisation severities. 
G.1 HO crash types 
 
Model Information 
Dependent Variable HO 
Probability Distribution Negative binomial (MLE) 
Link Function Log 
 
Case Processing Summary 
 N Percent 
Included 503 100.0% 
Excluded 0 0.0% 
Total 503 100.0% 
 
Continuous Variable Information 
 N Minimum Maximum Mean Std. Deviation 
Dependent Variable HO 503 0 3 .07 .297 
Covariate AADT 503 2329 32286 7245.59 4481.355 
Length 503 .15 20.25 2.0299 2.98590 
 
Goodness of Fita 
 Value df Value/df 
Deviance 149.693 499 .300 
Scaled Deviance 161.929 499  
Pearson Chi-Square 461.294 499 .924 
Scaled Pearson Chi-Square 499.000 499  
Log Likelihoodb,c -117.395   
Adjusted Log Likelihoodd -126.991   
Akaike's Information Criterion 
(AIC) 242.790 
  
Finite Sample Corrected AIC 
(AICC) 242.870 
  
Bayesian Information Criterion 
(BIC) 259.672 
  
Consistent AIC (CAIC) 263.672   
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Omnibus Testa 
Likelihood Ratio 
Chi-Square df Sig. 
36.781 2 .000 
 
Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
(Intercept) 135.981 1 .000 
AADT 22.534 1 .000 
Length 36.625 1 .000 
 
Parameter Estimates 
Parameter B Std. Error 
95% Wald Confidence Interval Hypothesis Test 
Lower Upper Wald Chi-Square df Sig. 
(Intercept) -4.188 .3591 -4.892 -3.484 135.981 1 .000 
AADT .000 2.3885E-5 6.657E-5 .000 22.534 1 .000 
Length .183 .0302 .124 .242 36.625 1 .000 
(Scale) .924a       
(Negative binomial) .556 .6746 .052 5.991    
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G.2 RORL crash types 
 
Model Information 
Dependent Variable RORL 
Probability Distribution Negative binomial (MLE) 
Link Function Log 
 
Case Processing Summary 
 N Percent 
Included 503 100.0% 
Excluded 0 0.0% 
Total 503 100.0% 
 
Continuous Variable Information 
 N Minimum Maximum Mean Std. Deviation 
Dependent Variable RORL 503 0 2 .03 .182 
Covariate AADT 503 2329 32286 7245.59 4481.355 
Length 503 .15 20.25 2.0299 2.98590 
 
Goodness of Fita 
 Value df Value/df 
Deviance 67.757 499 .136 
Scaled Deviance 105.905 499  
Pearson Chi-Square 319.258 499 .640 
Scaled Pearson Chi-Square 499.000 499  
Log Likelihoodb,c -58.494   
Adjusted Log Likelihoodd -91.426   
Akaike's Information Criterion 
(AIC) 124.988 
  
Finite Sample Corrected AIC 
(AICC) 125.068 
  
Bayesian Information Criterion 
(BIC) 141.870 
  
Consistent AIC (CAIC) 145.870   
 
Omnibus Testa 
Likelihood Ratio 
Chi-Square df Sig. 
29.433 2 .000 
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Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
(Intercept) 104.840 1 .000 
AADT 16.310 1 .000 
Length 25.538 1 .000 
 
Parameter Estimates 
Parameter B Std. Error 
95% Wald Confidence Interval Hypothesis Test 
Lower Upper Wald Chi-Square df Sig. 
(Intercept) -5.476 .5349 -6.525 -4.428 104.840 1 .000 
AADT .000 3.4337E-5 7.137E-5 .000 16.310 1 .000 
Length .216 .0428 .132 .300 25.538 1 .000 
(Scale) .640a       
(Negative binomial) 2.313 2.0294 .414 12.912    
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G.3 OTHER crash types 
 
Model Information 
Dependent Variable OTHER 
Probability Distribution Negative binomial (MLE) 
Link Function Log 
 
Case Processing Summary 
 N Percent 
Included 503 100.0% 
Excluded 0 0.0% 
Total 503 100.0% 
 
Continuous Variable Information 
 N Minimum Maximum Mean Std. Deviation 
Dependent Variable OTHER 503 0 4 .17 .529 
Covariate AADT 503 2329 32286 7245.59 4481.355 
Length 503 .15 20.25 2.0299 2.98590 
 
Goodness of Fita 
 Value df Value/df 
Deviance 226.001 499 .453 
Scaled Deviance 239.242 499  
Pearson Chi-Square 471.382 499 .945 
Scaled Pearson Chi-Square 499.000 499  
Log Likelihoodb,c -220.220   
Adjusted Log Likelihoodd -233.123   
Akaike's Information Criterion 
(AIC) 448.441 
  
Finite Sample Corrected AIC 
(AICC) 448.521 
  
Bayesian Information Criterion 
(BIC) 465.323 
  
Consistent AIC (CAIC) 469.323   
 
Omnibus Testa 
Likelihood Ratio 
Chi-Square df Sig. 
50.006 2 .000 
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Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
(Intercept) 124.153 1 .000 
AADT 8.086 1 .004 
Length 63.383 1 .000 
 
Parameter Estimates 
Parameter B Std. Error 
95% Wald Confidence Interval Hypothesis Test 
Lower Upper Wald Chi-Square df Sig. 
(Intercept) -2.905 .2608 -3.417 -2.394 124.153 1 .000 
AADT 6.421E-5 2.2581E-5 1.995E-5 .000 8.086 1 .004 
Length .198 .0249 .149 .247 63.383 1 .000 
(Scale) .945a       
(Negative binomial) 1.336 .5132 .629 2.837    
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G.4 TOTAL crashes 
 
Model Information 
Dependent Variable TOTAL 
Probability Distribution Negative binomial (MLE) 
Link Function Log 
 
 
Case Processing Summary 
 N Percent 
Included 503 100.0% 
Excluded 0 0.0% 
Total 503 100.0% 
 
Continuous Variable Information 
 N Minimum Maximum Mean Std. Deviation 
Dependent Variable TOTAL 503 0 5 .28 .690 
Covariate AADT 503 2329 32286 7245.59 4481.355 
Length 503 .15 20.25 2.0299 2.98590 
 
Goodness of Fita 
 Value df Value/df 
Deviance 292.047 499 .585 
Scaled Deviance 319.597 499  
Pearson Chi-Square 455.986 499 .914 
Scaled Pearson Chi-Square 499.000 499  
Log Likelihoodb,c -290.426   
Adjusted Log Likelihoodd -317.822   
Akaike's Information Criterion 
(AIC) 588.852 
  
Finite Sample Corrected AIC 
(AICC) 588.932 
  
Bayesian Information Criterion 
(BIC) 605.734 
  
Consistent AIC (CAIC) 609.734   
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Omnibus Testa 
Likelihood Ratio 
Chi-Square df Sig. 
91.715 2 .000 
 
Tests of Model Effects 
Source 
Type III 
Wald Chi-Square df Sig. 
(Intercept) 172.223 1 .000 
AADT 29.425 1 .000 
Length 111.131 1 .000 
 
Parameter Estimates 
Parameter B Std. Error 
95% Wald Confidence Interval Hypothesis Test 
Lower Upper Wald Chi-Square df Sig. 
(Intercept) -2.675 .2039 -3.075 -2.276 172.223 1 .000 
AADT 8.858E-5 1.6329E-5 5.657E-5 .000 29.425 1 .000 
Length .202 .0192 .165 .240 111.131 1 .000 
(Scale) .914a       
(Negative binomial) .753 .2575 .385 1.472    
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APPENDIX I – Empirical Bayes Spreadsheet 
            
HO RORL OTHER TOTAL 
           Intercept -4.152 -5.739 -2.971 -2.723 
          AADT 0.000107 0.00014 0.000064 0.000086 
           Length 0.186 0.228 0.189 0.198 
Before Period       
 
                
Road 
Start 
Chainage 
(km) 
End 
Chainage 
(km) 
Length 
(km) 
AADT HO RORL OTHER TOTAL Months CMF Total 
CMF 
SPF Estimates 
HO RORL OTHER TOTAL 
10A 102.51 102.87 0.36 15533 0 0 0 0 12 1 1 0.089 0.031 0.148 0.268 
2008 103 108.99 5.99 14811 0 1 2 3 12 1 1 0.234 0.100 0.410 0.769 
NO CMF 112.47 113.32 0.85 15127 0 0 0 0 12 1 1 0.093 0.032 0.158 0.285 
 
113.43 113.685 0.255 15127 0 0 0 0 12 1 1 0.083 0.028 0.142 0.254 
 
114.095 114.66 0.565 15127 0 0 0 0 12 1 1 0.088 0.030 0.150 0.270 
 
127.47 127.83 0.36 15008 0 0 0 0 12 1 1 0.084 0.029 0.143 0.256 
 
128.12 130.07 1.95 15008 0 0 0 0 12 1 1 0.113 0.041 0.194 0.351 
 
130.5 132.21 1.71 15008 0 0 0 0 12 1 1 0.108 0.039 0.185 0.335 
 
132.32 133.8 1.48 15008 0 1 0 1 12 1 1 0.103 0.037 0.177 0.320 
  135.83 137.94 2.11 15008 0 0 0 0 12 1 1 0.116 0.043 0.200 0.363 
10A 102.51 102.87 0.36 15891 0 0 0 0 12 0.6 0.6 0.055 0.019 0.091 0.166 
2009 103 108.99 5.99 15123 1 0 1 2 12 0.6 0.6 0.145 0.063 0.251 0.474 
 112.47 113.32 0.85 15192 0 0 0 0 12 0.6 0.6 0.056 0.020 0.095 0.172 
 113.43 113.685 0.255 15192 0 0 0 0 12 0.6 0.6 0.050 0.017 0.085 0.153 
 114.095 114.66 0.565 15192 0 0 0 0 12 0.6 0.6 0.053 0.018 0.090 0.163 
 127.47 127.83 0.36 15364 0 0 0 0 12 0.6 0.6 0.052 0.018 0.088 0.159 
 128.12 130.07 1.95 15364 0 0 0 0 12 0.6 0.6 0.070 0.026 0.119 0.217 
 130.5 132.21 1.71 15364 1 0 0 1 12 0.6 0.6 0.067 0.025 0.114 0.207 
 132.32 133.8 1.48 15364 0 0 1 1 12 0.6 0.6 0.064 0.023 0.109 0.198 
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 135.83 137.94 2.11 15364 1 0 1 2 12 0.6 0.6 0.072 0.027 0.122 0.224 
10A 102.51 102.87 0.36 16036 0 0 0 0 12 0.6 0.6 0.056 0.020 0.092 0.168 
2010 103 108.99 5.99 15161 1 0 0 1 12 0.6 0.6 0.146 0.063 0.252 0.475 
 112.47 113.32 0.85 15602 0 0 0 0 12 0.6 0.6 0.059 0.021 0.098 0.178 
 113.43 113.685 0.255 15602 0 0 0 0 12 0.6 0.6 0.053 0.018 0.088 0.159 
 114.095 114.66 0.565 15602 0 0 0 0 12 0.6 0.6 0.056 0.020 0.093 0.169 
 127.47 127.83 0.36 15451 0 0 0 0 12 0.6 0.6 0.053 0.018 0.088 0.160 
 128.12 130.07 1.95 15451 1 0 0 1 12 0.6 0.6 0.071 0.026 0.120 0.219 
 130.5 132.21 1.71 15451 0 0 0 0 12 0.6 0.6 0.068 0.025 0.114 0.209 
 132.32 133.8 1.48 15451 0 0 0 0 12 0.6 0.6 0.065 0.024 0.109 0.199 
  135.83 137.94 2.11 15451 0 0 0 0 12 0.6 0.6 0.073 0.027 0.123 0.226 
10B 3.09 3.67 0.58 13634 0 0 0 0 12 1 1 0.075 0.025 0.137 0.238 
2008 3.85 5.13 1.28 13634 0 0 1 1 12 1 1 0.086 0.029 0.156 0.273 
NO CMF 5.44 5.77 0.33 13634 0 0 0 0 12 1 1 0.072 0.023 0.131 0.226 
 6.01 6.88 0.87 13634 0 0 0 0 12 1 1 0.080 0.026 0.145 0.252 
 7.25 9.12 1.87 12060 2 1 1 4 12 1 1 0.081 0.027 0.158 0.268 
 9.59 10.44 0.85 12060 0 0 0 0 12 1 1 0.067 0.021 0.130 0.219 
 10.63 12.12 1.49 12060 1 0 0 1 12 1 1 0.075 0.024 0.147 0.249 
  12.41 12.78 0.37 10466 0 0 0 0 12 1 1 0.052 0.015 0.107 0.174 
10B 3.09 3.67 0.58 14032 0 0 0 0 12 0.6 0.6 0.047 0.016 0.084 0.148 
2009 3.85 5.13 1.28 14032 0 0 0 0 12 0.6 0.6 0.054 0.018 0.096 0.170 
 5.44 5.77 0.33 14032 0 0 0 0 12 0.6 0.6 0.045 0.015 0.080 0.141 
 6.01 6.88 0.87 14032 0 0 0 0 12 0.6 0.6 0.050 0.017 0.089 0.156 
 7.25 9.12 1.87 12360 0 0 1 1 12 0.6 0.6 0.050 0.017 0.097 0.165 
 9.59 10.44 0.85 12360 0 0 0 0 12 0.6 0.6 0.041 0.013 0.080 0.135 
 10.63 12.12 1.49 12360 0 0 0 0 12 0.6 0.6 0.047 0.015 0.090 0.153 
 12.41 12.78 0.37 10813 0 0 1 1 12 0.6 0.6 0.032 0.010 0.066 0.107 
10B 3.09 3.67 0.58 13932 0 0 0 0 12 0.6 0.6 0.047 0.015 0.084 0.146 
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2010 3.85 5.13 1.28 13932 0 0 1 1 12 0.6 0.6 0.053 0.018 0.096 0.168 
 5.44 5.77 0.33 13932 0 0 0 0 12 0.6 0.6 0.045 0.015 0.080 0.139 
 6.01 6.88 0.87 13932 0 0 0 0 12 0.6 0.6 0.049 0.017 0.088 0.155 
 7.25 9.12 1.87 12360 0 0 3 3 12 0.6 0.6 0.050 0.017 0.097 0.165 
 9.59 10.44 0.85 12360 0 0 0 0 12 0.6 0.6 0.041 0.013 0.080 0.135 
 10.63 12.12 1.49 12360 0 0 0 0 12 0.6 0.6 0.047 0.015 0.090 0.153 
  12.41 12.78 0.37 10841 0 0 0 0 12 0.6 0.6 0.032 0.010 0.066 0.108 
   Total 10A 5 2 5 12    2.495 0.928 4.249 7.766 
      Total 10B 3 1 8 12       1.318 0.431 2.472 4.246 
                
After Period                             
Road 
Start 
Chainage 
(km) 
End 
Chainage 
(km) 
Length 
(km) 
AADT HO RORL OTHER TOTAL 
  
 
SPF Estimates 
      HO RORL OTHER TOTAL 
10A 102.51 102.87 0.36 16610 0 0 0 0 7 0.6 0.35 0.035 0.013 0.056 0.103 
2011 103 108.99 5.99 15784 0 0 0 0 7 0.6 0.35 0.091 0.040 0.153 0.292 
 112.47 113.32 0.85 15899 0 0 0 0 7 0.6 0.35 0.035 0.013 0.058 0.107 
 113.43 113.685 0.255 15899 0 0 0 0 7 0.6 0.35 0.032 0.011 0.052 0.095 
 114.095 114.66 0.565 15899 0 0 0 0 7 0.6 0.35 0.034 0.012 0.055 0.101 
 127.47 127.83 0.36 15821 0 0 0 0 7 0.6 0.35 0.032 0.011 0.053 0.096 
 128.12 130.07 1.95 15821 0 0 0 0 7 0.6 0.35 0.043 0.016 0.071 0.132 
 130.5 132.21 1.71 15821 0 0 0 0 7 0.6 0.35 0.041 0.015 0.068 0.126 
 132.32 133.8 1.48 15821 0 0 0 0 7 0.6 0.35 0.039 0.014 0.065 0.120 
 135.83 137.94 2.11 15821 0 0 0 0 7 0.6 0.35 0.044 0.017 0.074 0.136 
10A 102.51 102.87 0.36 16866 0 0 0 0 12 0.6 0.6 0.061 0.022 0.097 0.180 
2012 103 108.99 5.99 16035 0 0 0 0 12 0.6 0.6 0.160 0.071 0.266 0.512 
 112.47 113.32 0.85 14101 0 0 0 0 12 0.6 0.6 0.050 0.017 0.089 0.157 
 113.43 113.685 0.255 14101 0 0 0 0 12 0.6 0.6 0.045 0.015 0.080 0.139 
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 114.095 114.66 0.565 14101 0 0 0 0 12 0.6 0.6 0.047 0.016 0.084 0.148 
 127.47 127.83 0.36 15618 0 0 0 0 12 0.6 0.6 0.054 0.019 0.089 0.162 
 128.12 130.07 1.95 15618 0 0 0 0 12 0.6 0.6 0.072 0.027 0.121 0.222 
 130.5 132.21 1.71 15618 1 0 0 1 12 0.6 0.6 0.069 0.025 0.115 0.212 
 132.32 133.8 1.48 15618 0 0 0 0 12 0.6 0.6 0.066 0.024 0.111 0.202 
 135.83 137.94 2.11 15618 1 0 0 1 12 0.6 0.6 0.074 0.028 0.124 0.229 
10A 102.51 102.87 0.36 16854 0 0 0 0 12 0.6 0.6 0.061 0.022 0.097 0.180 
2013 103 108.99 5.99 15835 0 0 0 0 12 0.6 0.6 0.157 0.069 0.263 0.504 
 112.47 113.32 0.85 16458 0 0 0 0 12 0.6 0.6 0.064 0.023 0.104 0.192 
 113.43 113.685 0.255 16458 0 0 0 0 12 0.6 0.6 0.058 0.020 0.093 0.171 
 114.095 114.66 0.565 16458 0 0 0 0 12 0.6 0.6 0.061 0.022 0.098 0.181 
 127.47 127.83 0.36 15757 0 0 0 0 12 0.6 0.6 0.054 0.019 0.090 0.164 
 128.12 130.07 1.95 15757 0 0 0 0 12 0.6 0.6 0.073 0.027 0.122 0.225 
 130.5 132.21 1.71 15757 0 0 0 0 12 0.6 0.6 0.070 0.026 0.116 0.214 
 132.32 133.8 1.48 15757 0 0 0 0 12 0.6 0.6 0.067 0.025 0.112 0.205 
 135.83 137.94 2.11 15757 1 0 0 1 12 0.6 0.6 0.075 0.028 0.126 0.232 
10A 102.51 102.87 0.36 17000 0 0 0 0 12 0.6 0.6 0.062 0.023 0.098 0.183 
2014 103 108.99 5.99 15835 0 1 1 2 12 0.6 0.6 0.157 0.069 0.263 0.504 
 112.47 113.32 0.85 16458 0 0 0 0 12 0.6 0.6 0.064 0.023 0.104 0.192 
 113.43 113.685 0.255 16458 1 0 0 1 12 0.6 0.6 0.058 0.020 0.093 0.171 
 114.095 114.66 0.565 16458 0 0 0 0 12 0.6 0.6 0.061 0.022 0.098 0.181 
 127.47 127.83 0.36 16006 0 0 0 0 12 0.6 0.6 0.056 0.020 0.092 0.168 
 128.12 130.07 1.95 16006 0 0 1 1 12 0.6 0.6 0.075 0.028 0.124 0.230 
 130.5 132.21 1.71 16006 0 0 2 2 12 0.6 0.6 0.072 0.027 0.118 0.219 
 132.32 133.8 1.48 16006 0 0 1 1 12 0.6 0.6 0.069 0.025 0.113 0.209 
  135.83 137.94 2.11 16006 0 0 1 1 12 0.6 0.6 0.077 0.029 0.128 0.237 
10B 3.09 3.67 0.58 13626 0 0 0 0 7 0.6 0.35 0.026 0.009 0.048 0.083 
2011 3.85 5.13 1.28 13626 0 0 0 0 7 0.6 0.35 0.030 0.010 0.055 0.096 
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 5.44 5.77 0.33 13626 0 0 0 0 7 0.6 0.35 0.025 0.008 0.046 0.079 
 6.01 6.88 0.87 13626 0 0 0 0 7 0.6 0.35 0.028 0.009 0.051 0.088 
 7.25 9.12 1.87 12781 0 0 0 0 7 0.6 0.35 0.031 0.010 0.058 0.100 
 9.59 10.44 0.85 12781 0 0 0 0 7 0.6 0.35 0.025 0.008 0.048 0.082 
 10.63 12.12 1.49 12781 0 0 1 1 7 0.6 0.35 0.029 0.009 0.054 0.093 
 12.41 12.78 0.37 10988 0 0 0 0 7 0.6 0.35 0.019 0.006 0.039 0.064 
10B 3.09 3.67 0.58 13862 0 0 0 0 12 0.6 0.6 0.046 0.015 0.083 0.146 
2012 3.85 5.13 1.28 13862 0 0 0 0 12 0.6 0.6 0.053 0.018 0.095 0.167 
 5.44 5.77 0.33 13862 0 0 0 0 12 0.6 0.6 0.044 0.014 0.079 0.139 
 6.01 6.88 0.87 13862 1 0 0 1 12 0.6 0.6 0.049 0.016 0.088 0.154 
 7.25 9.12 1.87 13027 0 0 2 2 12 0.6 0.6 0.054 0.018 0.101 0.175 
 9.59 10.44 0.85 13027 0 0 0 0 12 0.6 0.6 0.045 0.015 0.083 0.143 
 10.63 12.12 1.49 13027 0 0 1 1 12 0.6 0.6 0.050 0.017 0.094 0.162 
 12.41 12.78 0.37 11210 0 0 0 0 12 0.6 0.6 0.034 0.010 0.068 0.111 
10B 3.09 3.67 0.58 13065 0 0 0 0 12 0.6 0.6 0.043 0.014 0.079 0.136 
2013 3.85 5.13 1.28 13065 0 0 0 0 12 0.6 0.6 0.048 0.016 0.090 0.156 
 5.44 5.77 0.33 13065 0 0 0 0 12 0.6 0.6 0.041 0.013 0.076 0.129 
 6.01 6.88 0.87 13065 0 1 0 1 12 0.6 0.6 0.045 0.015 0.084 0.144 
 7.25 9.12 1.87 13262 0 0 0 0 12 0.6 0.6 0.055 0.019 0.102 0.179 
 9.59 10.44 0.85 13262 0 0 0 0 12 0.6 0.6 0.046 0.015 0.084 0.146 
 10.63 12.12 1.49 13262 0 0 0 0 12 0.6 0.6 0.051 0.017 0.095 0.166 
 12.41 12.78 0.37 10840 0 0 0 0 12 0.6 0.6 0.032 0.010 0.066 0.108 
10B 3.09 3.67 0.58 12863 0 0 0 0 12 0.6 0.6 0.042 0.013 0.078 0.134 
2014 3.85 5.13 1.28 12863 0 0 1 1 12 0.6 0.6 0.047 0.016 0.089 0.153 
 5.44 5.77 0.33 12863 0 0 0 0 12 0.6 0.6 0.040 0.013 0.075 0.127 
 6.01 6.88 0.87 12863 1 0 0 1 12 0.6 0.6 0.044 0.014 0.083 0.142 
 7.25 9.12 1.87 12477 0 0 0 0 12 0.6 0.6 0.051 0.017 0.097 0.167 
 9.59 10.44 0.85 12477 0 0 0 0 12 0.6 0.6 0.042 0.013 0.080 0.136 
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 10.63 12.12 1.49 12477 0 0 0 0 12 0.6 0.6 0.047 0.016 0.091 0.155 
  12.41 12.78 0.37 9749 0 0 0 0 12 0.6 0.6 0.029 0.008 0.062 0.098 
   Total 10A 4 1 6 11    2.617 0.996 4.331 8.034 
      Total 10B 2 1 5 8       1.290 0.422 2.419 4.156 
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Empirical Bayes Calculations 
  HO RORL OTHER TOTAL 
k 0.556 2.313 1.336 0.753 
Pb 3.990 1.703 7.295 13.255 
Pa 4.100 1.776 7.328 13.472 
x 8 3 13 24 
A 6 2 11 19 
          
  HO RORL OTHER TOTAL 
w1 0.689 0.798 0.907 0.909 
w2 0.311 0.202 0.093 0.091 
m 6.754 2.737 12.469 23.021 
     
          
  HO RORL OTHER TOTAL 
R 1.028 1.043 1.005 1.016 
     
          
  HO RORL OTHER TOTAL 
B 6.940 2.854 12.526 23.399 
Var(B) 8.446 3.262 13.118 24.794 
     
          
  HO RORL OTHER TOTAL 
θ (Biased) 0.865 0.701 0.878 0.812 
% Change 14 30 12 19 
θ (Unbiased) 0.736 0.500 0.810 0.777 
% Change 26 50 19 22 
     
          
Crash Reduction (%) HO RORL OTHER TOTAL 
Biased 14 30 12 19 
Unbiased 26 50 19 22 
 
